October 28, 1941 


Dear t 


It may be worthwhile to attempt to observe the 
24-minute period above the background of the natural beta 
activity without any chemical separation except a removal of 
the natural beta active products of vas atter irradiation. 
Data-obtained—by—Anderson and Fermi show tnat there is-a— 
residue of beta activity which EED cannot be removed 
by repeated ether—extractions. Whether or not the 24-minute 
period would be observable above this background depends on the 
value of the radiative capture cross-section which at present 
is not known. The following question arises in this connection: 
Is it not possible that this residual beta activity which is 
Observed after repeated ether extractions is due to internal 
conversion electrons from an excited U134 into which UX may 
decay by means of two beta transformations corresponding to 
the branch which has a probability of .3%? If such an excited 
U134 were responsible and if it had a lifetime of a day or so, 
the residual beta activity might be removed by making success- 
ive ether extractions at intervals of one or two days. 

Apart from using photo neutrons from beryllium for 
these experiments, it is proposed also to use photo neutrons 
which have been slowed down by carbon, parrafin or lead in 
order to measure the ratio of radiative capture and fission 


in the neighborhood of 50,000, 10,000 and 5,000 volts. 


The question of the balance of the slowing down 
process and fission in the region of two million volts is 
in the meantime receiving continued attention. In 1929 when 
this question was first discussed most of those interested in 
nuclear physics took it for granted that uranium was slowed 
down two million volt neutrons with a cross-section of about 
4x 10-**, Experimental physicists believed that nuclear theory 
predicted that all heavy elements slow down neutrons very 
strongly, whereas theoretical physicists believed that this 
was an experimental fact. In the discussion which took place 
with Dr. Roberts and Dr. Abelson in connection with the meeting 
on October 21, 1939, Dr. Wigner, Dr. Teller and I emphasized — 
the view that there is no evidence which would allow — 
Gitnereway whether or not &temeats.likfé uranium would efficiently 


slow down neutrons of energies I between one and four million volts. 
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ther Abelson or Roberts suggested thereupon that in experiments 
x EU ine a uranium fission chamber should be used as in- 
dicatéM for the neutrony. (pr. Zinn and I started experiments 
along this line in ET l941. These experiments show that 
lead and bismuth have a very small cross-section for slowing 
down D + D neutrons below the fission threshold of U238. 
eS orn on performed for uranium, but no 
final conclusion has been reached because the particular uranium 
sample which we used became pyroforic, and it became, therefore, 
impossible to analyze it for moisture or oxygen. A new batch 


of uranium metal has been under order for some time, and the 


experiment will be repeated with this new batch. 
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L.e Szilard 
January 18, 1943 


We can write the critical condition for a fast neutron chain 


reaction in — pum as follows: 
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Or neglecting fission in 235 (y = 0) we can write 
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In this equation, y tells us what fraction of those fission 
neutrons which have- been slowed down belowthe threshold of U238, will 
cause fission in 255; g*, is the fraction of the fission neutrons which 
have at the time of their emission, energies above the threshold of 238. 

* * 
p and Ü, signify the average fission cross section of U238 for those 
of the fission neutrons which have an energy above the threshold of 258. 
Thus, 0; g means the average fission cross section in 258 for all fission 
neutrons. »* is the number of neutrons emitted by 258 fission caused 
by fission neutrons. The same letters without the stars will be used 
for the corresponding values for neutrons from Ra-Be sources. 

An experiment performed with Ra-Be neutrons on a uranium sphere 
of 10 em diameter, showed that a Ra-Be source in the center of the s here 
increased the total number of neutrons by a factor of/1.15. The same 
sphere caused a reduction of the fast fission count in a fission chamber 


by a factor of .675.  Assumin 2/= 2.5, we may say that 0.25 fission neutrons 
J & y 
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have been created pearing 0.9 of the original Ra-Be neutrons, emi /A 


certain fraction of these has been slowed down below the threshold of 238. 


Sr we neglect the fact that we have PADRES also also disregard that 
Ml araa t m 7 "n 


a fraction of the 0.15 excess neutrons — slowed down by 
the uranium sphere, we may write for the fraction of the surviving Ra-Be 


neutrons which have been slowed down below the threshold of 238, . 
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We may conclude that if all the Ra-Be neutrons which survive ct 
and were originally cspable of causing fission in 258 had been slowed 
down in a larger mass of uranium, we would have obtained in the first 


generation 
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fission neutrons. 


We may therefore write 
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then we obtain from (4) 
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This means that the chain reaction would go with fast neutrons in 


208.6 or instance, for the following set of values |; 
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condition for a fast neutron chain 


reaction in ordinary Uranium, as follows: 
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In this equation, y tells us what fraction of those fission 2 
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neutrons which have been slowed down below the threshold of U238, will 

cause fission in 2355; q's is the fraction of the fission neutrons which 

have at the time of their emission, energies above the threshold of 238. 
*- 


of the fission neutrons which have an energy above the threshold of 238. 


* 
and (J, signify the average fission eross section of U258 for those 


Thus, Cy, 2  neanSthe average fission prross section in 258 for ell fission 
x 
neutrons. 7 is the number of number of neutrons emitted by 258 fission 


caused by fission neutrons. The same letters without — be 
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used for the corresponding values — neabwerter —— (2 dent AA. -— 
lor uana 
An experiment performed with Ra-Be neutrons on a/Sphere of 10 cm 
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diameter, showed that & Ra-Be source in the center of the sphere increased 
the total number of neutrons by a factor of 1.1M$. The same sphere caused 
a reduction of the fast fission count in a fission chamber by a factor of 


.675. Pierani ae 2.5, we may say that .25 fission ee GP rae been 4 « tul 
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created — — of/the Ra-Be neutrons which fwere originally 


capable of causing fission have been s lowed down below the threshold of 258. Ay E 
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We may conclude that if all the Ra-Be neutrons which were\originally capable ~ 
—— =-5 2) 


of causing fission had been slowed down, we would have ovtainel Boe fission 
neutrons. Cy — 

— For the average cross section of Ra-Be neutrons for fission, 
Fermi and Anderson have given the value of .45, whereas, Marshall and Szilard 
find for the average cross section of fission neutrons (originating from 
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fission in 235) % average crosssection of M If we assume that about, of 


the R&-Be neutrons is below the theshold of 238, we can write for yo OS a 
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and if we assume that about 1/5 of the fission neutrons have energies 

j wri = Oe FL 
below the fission threshold, then we may write for P SIS about e Ld 
Putting in these values we see that the chain reaction would go in pure 


uranium 238 if the inelastic cross section for Ra-Be neutrons would be 


about ..... and for fission neutrons, wauld be about ` 
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LE Le Szil&ard 
3 January 25, 1945 


In order to see whether a fast neutron chain reaction can be 
maintained in ordinary uranium, we have measumedubhe fast neutron fission — 
by means of a fission chamber outside of a uranium pile while a Ra+Be 


neutron source was placed somewhere near the center of the pile. Ifa 
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fast neutron chain reaction mw be maintained in uranium, sme if we 
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gradually increase the size of the pile, we — a siz at which 
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the fast EAE Lr S count outside the pile begins to rise sbeae-de 
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: Three X d correspond tothe inverse square law in the.absence..of 


— For piles up to 4 tons we found #n the fission, count Fett was 
flrs hakat I Em ps "I fm nn Abe, 


falling with the increasing mass, and 3»-fell to about 1/20 for a 4 ton E 
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pile. At that size it fell roughly to 1/3, Mert s er of about Mom (oe Cbg 


thickness ey added to the pile so as to bring up the mass to 4 tons. Rot tue) 
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might not be slowed down except by élastic collisions, ko migratbes length 
2307 3 
for causing fission in U2$8 is very large. It is however, witheut—detailed. 


! , evident from our observation that the fast neutron chain reaction Lg 
T Coro ^t atA 
Caamec-be-mutTCHTHed in piles of & few nuneéred—bens--o£-- weight... 
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Insert in Section V, after first sentence: 


Elements which are in the periodic table in the region of bismuth and having 
an atomic number ebove 8l have a low absorption for slow neutrons and do not 
slow down appreciably fission neutrons. For this reason they are suitable as 
a cooling agent and can be used for cooling along internal surfaces within 
the lattice element. Liquid bismth, liquid alloys of bismth, and lead, and 
liquid lead can thus be used as cooling agent. Bismmth is more favorable 
from the point of view of slow neutron absorption than lead, and the liquid 


biamth alloys occupy a position in between according to their composition. 
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The example shown in figure 3 is adapted for replacing graphite by heavy © | 


f 2 
water as the slowing agent. The aluminum tube, no. 3, in figure 3 separates 


f f 
the heavy water used as a slowing agent from the cooling agent which flows 
f ; f 
ing the gep between the aluminum tubes, 2 end 3. Heavy water itself can 
; : 
be used as a cooling agent in place of ordinary water. The cylindrical 


uranium rod, XK 1, in figure S can be replaced by a cluster of uranium 
i 


rods such as the cluster show in’ figure 42, These uranium rods may be 


J 


coated with aluminum if heavy water is used as a cooling agent. 
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May 21, 1943 


SECTION bi 


Beryllium 


Uranium spheres surrounded with a layer of beryllium or 
cylindrical uranium rods surrounded with a cylindrical layer of 
beryllium, may be used as lattice elements in a lattice which is 
embedded in graphite of heavy water. Spheres of uranium metal, 5 cm. 
in diameter, surrounded by a 25 cm. layer of beryllium metal are, 
for instance, an example of the lattice element which can be used in graphite 
to be in the potentially chain reacting unit. An example for a lattice 
element in which a cylindrical rod of uranium is surrounded with a layer 


of beryllium is shown in Fig. 80. 
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In my letters to Fermi in July 1939, and also) in M I disclosed a method 
for determining a length A which is characteristic for a system in which the 


a neutron — obeys the diffusion equation. This method consists 
lerla ——— vt. 7t L^ vt. 
in measuring tha — neutron density along & closed surface /at one point 


in the interior of the space which is enclosed by the setd closed surface. 
CY yar 


The thermal neutron density is then reduced to_@” along the closed surface 
by introducing cadmium, and the thermal neutron density is again measured 


at the said point in the — 
A Vitus 73 ZA 
By applying this fusthmd/tc a Shain Cono sing — one cen determine 
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the critical dimensions of a sphere b 
c and at the Washington meeting in June 1940, Fermi explicitly proposed the 
used of this principle for determining the critical dimensions, The 


79 — 
"this principle is at present 
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specific form in which Fermi proposed to 
n Ale 


called psc experiment, and Fermi gave & short description of 


the exponential experiment which he proposed at the Washington meeting in 
June 1940., Therwene_ exponential expebiment has been actually performed by 
pernil ín Apri e Eu PI: of determing the length A in the 
limiting case an dite catia that did not contain any uranium. 


August 5, 19h) 


There has been lately much talk about the organization of our 
work in peacetime, about such questions as the publication of the re- 
sults obtained during the war and peacetime application of our discoveries, 
Some physicists and chemists who may be considered as key men in this 
work have been offered postwar positions by various firms that want to 
get into this new field after the war and one of these men has actually 
accepted such a position. The situation is such that it seems to me 
very desirable that we should try to agree on a common line of basic 
policy which could be followed indiVidually and, if necessary, collec- 
tively. 

The purpose of this letter is to find out whether there is suf- 
ficient agreement among us on certain basic principles to formulate such 
& common policy. I shall in the following therefore record those of my 
beliefs which I hope I share with the majority of our group and I would 
very much appreciate it if you would comment on these points and indicate 
your disagreement wherever you disagree, 

le The "modern" development with which we are all familiar makes 
it impossible to ensure peace on the basis of the Wilsonian ideas, which 
are essentially characterized by the slogans of cooperation between 
sovereign states bound together by covenants possibly reinforced by 
alliances, definition of the agressor, and compulsory collective action 
against the agressor, Those ideas might have been effective after the 


last war if they had been acted upon at that time but if after this war 


Dm 

we have an armed peace in which a number of nations are in possession of 
"modern" weapons and if one of these nations starts a war, that war may 
be over in 2l hours and there will be no time to apply whatever definition 
of an aggressor has been formulated. If after this war we get an armed 
peace based on balance of power of several states in possession of the 
"modern" weapons then we physicists must regard that era as a pre-war 
rather than a postwar period. Judging from newspaper reports it is such 
and armed peace, at best along Wilsonian lines, towards which we are 
driftinge 

In order to ensure peace we must now insist that the "modern" 
weapons be overwhelmingly in the hands of one single closely knit group, 
either the United States alone or the United States and Great Britain 
tied together by an indissoluble alliance approaching some sort of a 
union or some larger group possibly embracing even the whole "civilized" 
world, but in any case a group which forms a much closer union than can 
be achieved by political treaties uniting sovereign nations, If such a 
group's domination is based on the quantity and quality of modern weapons 
which it has accumulated and if they safeguard this supremacy by policing 
the whole of the world so that any danger to security can be met by 
police action rather than by war, then perhaps we might consider that 
state of affairs as peace and return to our peacetime pursuits./ That 
it takes more than controlling all the deposits and sabioine sna worts 
to ensure a lasting peace is self-evident, but the level on which this 
additional question has so far generally discussed is hardly adequate and 
therefore I do not believe that the time is right for us to try to formu- 


late a collective opinion. 


-J- 

It is not entirely out of the question that the physicists and 
chemists who are engaged in this work will have to consider it their duty 
to raise their voices against the postwar world organization towards which 
we are drifting at present, We can of course not foresee how this war 
will go ong It may be thet tomorrow's newspaper will report the use of 
"modern" weapons by the Germans on Cherbourg, London, or Manhattan, If 
that happens our eloquence could not compete with the eloquence of events 
and there would be no need for us to raise our voices, 

On the other hand, it may well happen that the postwar world 
organization will begin to take shape in Europe before the full meaning 
of the development of dc NE has dawned upon the world and in 
that case we might perform an exceedingly important function by exerting 
an influence individually or collectively in favor of what we believe io 
be a necessary political development, I can even visualize a situation 
where we would want to visit personally Congressmen and Senators or 
other key men in Washington in support of a policy of the administration 
which is resisted by those politicians who were not given enough time 
fully to understand the implications of the modern development, It may 
very well be that such an activity on our part may not remain without 
effect, for politicians, whatever zkzx other shortcomings they may have, 
are usually shrewd judges of human nature and they will have no difficulty 
in seeing that we are sincere and have no political axe to grind, 

Vee | 

The—?trsi question about which we ought to reach an agreement 
is thus whether or not we are willing to take our share of responsibility 
in influencing political action if circumstances arise in which this 
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appears desirable, f a de bc Prin 
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2. It seems to me that as long as the danger exists that we are 
moving towards a balance of power and in the absence of a police, by far 
the most important peacetime application of the modern development will 
remain the maintenance of peaces 

It seems to follow that in such a situation we cannot think of 
returning to the normal method of publications which would make basic 
information available ® the future enemy. Clearly we have to steer clear 
of twa dangers: One, to have no secrecy at all and give away the informa- 
tion to the enemy and, the other, is to hinder the work of our own physicists 
and chemists by preventing them from freely discussing their results with 
each other. If we do the former, countries which start from scratch can 
catch up with us and surpass us within two or three years. If we do the 
latter, it may take a country starting from scratch somewhat longer to 
accumulate the basic information needed for this work, but if they trust 
their own men they will be in a much better position with respect to 
unrecognized problems and therefore in the long run (say 5 to 10 years) 
far better off than we are, It follows that we have a difficult task 
(1) to persuade our politically less interested physicists to cooperate 
in a scheme of withholding information from everybody who does not take 
responsibility to keep this information from leaking out, and (2) to 
make it clear to the authorities that a large group of scientists freely 
communicating information to each other is a minor danger to security but 
that the existence of such a group is essential to arrive at a balanced 
judgment as to which lines ought to be supported and also essential to 
attain that research spirit without which we cannot hope successfully to 


compete with other countriese 


moe 

As to what is secret it seems to me that we should take the stand 
that the most important secrets are the basic informetion, the points of 
view which we consider ought to be guiding, and the emphasis which we wish 
to put on one of the other line of development, Once this information is 
available to any country which wishes to start from scratch the mere con- 
structional problems can be solved in an incredibly short time by a 
capable group of engineerse 

3, The question arises as to whether this development is best 
carried out under Government auspices or under other institutions where 
the profit object plays no role or whetber industrial research laboratories 
are more suitable for a speedy development, If we restrict ourselves to 
basic research and that very important technological and designing work 
which carries the development from its early beginnings into the process 
designing stage I believe that it would be best to keep these branches of 
the work out of the hands of commercial companies, It is quite true that 
our experience with government run énterprise has been most unfortunate, 
but there is no law of nature which says that a government run organization 
must necessarily be badly run, I believe that if we could make our advice 
heard we could put forward proposals for a number of organizations, all of 

them in the last analysis controlled in some form by the Government, 

which could operate with elasticity of small private firms, It seems to 
me therefore that we should not give up the hope that Government controlled 
organizations could satisfactorily carry on this development after the war 
until we have made a real effort to obtain a form of organization which 


we consider satisfactory, 


— 
As far as pure research is concerned and a considerable fraction 
of the effort ought to go into pure resegrch carried out in the best of 
academic tradition, it may be that a decentralization at various universities 
might be of value. However, I believe that we must watch out that the 
desires of various universities to acquire modern instruments should 


not be allowed to become the guiding principle of this decentralization. 
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2. It seems to me that as long as the danger exists that we are 
moving towards a balance of power and in the absence of a police, by far 
the most important peacetime application of the modern development will 
remain the maintenance of peacee /\ 7, K » 

‘It seems to follow that in such a situation we cannot think of 
returning to the normal method of publications which would make basic 
infsPnation available io the future enemy. Clearly we have to steer clear 
of twé dangers: One, to have no secrecy at all and give away the informa- 
tion to the enemy and, the other, is to hinder the work of our own physicists 
and chemists by preventing them from freely discussing their results with 
each other, If we do the former, countries which start from scratch can 
catch up with us and surpass us within two or three years, If we do ihe 
latter, it may take a country starting from scratch somewhat longer to 
&ccumulate the basic information needed for this work, but if they trust 
their own men they will be in a much better position with respect to 
unrecognized problems and therefore in the long run (say 5 to 10 years) 
far better off than we are. It follows that we have a difficult task 
(1) to persuade our politically less interested physicists to cooperate 
in a scheme of withholding information from everybody who does not take 
responsibility to keep this information from leaking out, and (2) to 
make it clear to the authorities that a large group of scientists freely 
communicating information to each other is a minor danger to security but 
that the existence of such a group is essential to arrive at a balanced 
judgment as to which lines ought to be supported and also essential to 
attain that research spirit without which we cannot hope successfully to 


compete with other countries. 





As to what is secret &t seems to me that we should take the stand 
that the most important secrets are the basic infoxmation, the points of 
view which we consider ought to be guiding, and the emphasis which we wish 
to put on one of the other line of development. Once this information is 
available to any country which wishes to Stes be mere con- 


structional problems can be solved in an Widbegibly short time by a 
cpm group of engineers, | Bee = — E — / 
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S ian out under Government auspices or under other institutions where 
the profit object plays no role or whether industrial research laboratories 
are more suitable for a speedy development, we restrict AAEE EAA to 


basic ‘Fesearch and that very important tec ogical and designing work 










which a — from its early beginnings into the process rJ 
designing stage I belie e that it would be best to keep these branches of $ 
the work : ut of the hands of.commercial companies, ' It is quite true that x 
our experiente with gerunt run énterprise has been most unfortunate, v 


but there is nó law of nature which says that a government run organization 


must necessarily be badly run. I believe that if we could make our advice 


heard we could put forward proposals for a number of organizations, all of 


them in the last analysis controlled in some form by the Government, 
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which could operate with elasticity of small private firms, | It seems to EL 


me therefore that we should (not give up the hope that Government controlled 


organizations could satisfacte y carry on this development after the war 


until we have made a real effort\to obtain a form of organization which 
we consider satisfactory. 


As far as pure research is concerned and a considerable fraction 
of the effort ought to go into pure re arch carried out in the best of 
academic tradition, it may be that a Mecentralization at various universities 






might be of value. However, I believe that we must watch out that the 
desires of various universities acquire modern instruments should 


not be allowed to become the ding principle of this decentralization. 


August 10, 19h) 


y There has been lately much talk about the organization of our 
Work in peacetime, about such questions as the publication of the re- 
sults obtained during the war and peacetime application of our discoveries. 
Some physicists and chemists who may be considered as key "A in this 
work have been offered postwar positions by various firms that want to 
get into this new field after the war and one of these men has actually 
accepted such a position. The situation is such that it seems to me 
very desirable that we should try to agree on a common line of basic 
policy which could be followed individually and, if necessary, collec- 
tively. 

The purpose of this letter is to find out whether there is suf- 


ficient agreement among us on certain basic principles to formulate such 





a common policy. I shall in the following therefore record those of my 

beliefs which li hope I share with the majority of our group and I would 

| Narr much appreciate it if you would comment on these points,and indicate | 

\/ your disagreement wherever you disagree, eoe — f PRODR : 
l. The "modern" development with which we are all familiar will 

make it impossible to ensure peace on the basis of ideas which date 

back to 1918 add are essentially in acieriues by the slogans of co- 

operation between sovereign states bound together by covenants possibly 

reinforced by alliances and autama collective action against 


nations. Those ideas might have been effective after the last war 





if they had been acted upon at that time but if after this war we have 


an armed peace in which a number of nations are in possession of 





"modern weapons and if one of these nations starts a war, that war may 

be won in 2l hours and there will be no time to apply sanctions. If 
after this war we get an armed peace based on balance of power of several 
states in possession of the "modern" weapons then we physicists will have 
to regard that era as a pre-war rather than a postwar period. Judgiag 

& from newspaper reports it is such an armed peace at best stabilized by 


| alliances and league of nation covenants towards which we are drifting. 





It is not entirely out of the question that the physicists and 
chemists who are engaged in this work will have to raise their voices 


against the postwar world organization towards which we are drifting 
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at present. Wexean of course it may be that rie e Mete teEE an 


frm? — Mee MÀ tensen (COMM we € C FL au vg telte 
neport-the use of DES eee by the Germans on Cherbourg, London, 
tae 


or New York, If that should happen there may be an abrupt change in 
the present trend and it may not take any explaining by the physicists 


to make statesmen understand the situation which the world faces, 


Insert I 


On the other hand it may also happen that the postwar organization 
of the world will begin to take shape in Europe before the full meaning 
of the development of modern weapons has become manifest. In that case 
the physicists and chemists might perform a useful function by explaining 
in the right place and at the proper time the grave consequences to 
which the modern discoveries will lead if we drift into an armed peace. 
We may take action individually or collectively. As far as collective 
action is concerned it seems that we can not very well go fabther than 


to state as clearly as we can the necessary conditions for safeguarding 


—_ 


N 
peace in face of this modern development. ‘One such condition would 
J 


appear to be that all pertinent deposits be controlled by one single 
Cv uvm 5. 


cup. If this is to be effective it will require in a sense policing Js 


the whole world so that any danger to security arising out of the 


/ 


violation of the control measures could be met by police action against [ba 
administration of the territory which is involved rather than by 


waging war against the people who happen to inhabit that territory. 


um few 
As to the question of what kind of group could exercise such control 
— 


it is hardly possible to give an answer. \ Theoretically speaking this 








group could be the United States alone or the United States and Great 
Britain, if tied together,by an indissoluble alliance approaching 

some sort of a lasting political union. It could be the United States, 
Great Britain and Russia if it were possible to create an atmosphere 


Me Lett ( 
in which a lasting union of these kes be established. 


It tm could be some sort of — of ations if it were possible 


to convince the nations to give up — sovereignty to the 


Z A 
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extent that—t-wouid-be needed to form-a-lasting union. (any, sucht. 
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me asures which we cóuld name as deco conditions for peace are 
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clearly not sufficient and ALTA takes 1 more than such measures 
to create a peace in which we may have confidence. Unfortunately the 
public discussions of this topic have not yet reached a sufficiently 

high level and I believe therefore that it would armen for us 

to try to reach a consensus of opinion on —— isl gongra, 

I believe that most of us would agree that Fa hopes that we 
shall in fact get a satisfactory organization of the world after this 
war are slim and that even if the United States Government had a 
clear determination in this respect and even if the people of the 
United States nore backing the Government 100£ in this attempt, 
it might still not be possible to bbtain such a world organization 
in view of the attitude which the other countries might take, In 
spite of this hope being slim, it would I believe be necessary at 
least to make an attempt in this direction. 

The first question which arises then is this: Do we feel 
responsible tor, (at the proper place and proper time, putting 
forward our vies fe the extent of making clear the necessary con- 
ditions for maintaining peace in the face of the present development? 
Obviously some allowances will have to be made for future develop- 
ments and there is hardly anybody in a better position to appreciate 
the importance of this aspect than our group. Are we willing if 
necessary to go as far as seeing personally men in key positions 


in Washington and also seeing Senators and Congressmen if need be, 
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v / Lf the present trend continues we will end up with some sort 


of a balance of power in the postwar world. Cooperation between sovereign 
states bound together by alliances, covenants stipulating collective 
action against agreesor nations and such other measures as were pro- 


posed at the end of the last war for the organization of the peace 


— M Án — 


have been made obsolete by the "modern development" of which "our" 
group of physicists and chemists are aware. 


Clearly if other nations who might consider themselves as our 20 
— 
potential enemies will be in possession of modern weapons and in the " 


⸗ 


absence of an overwhelming. : superiority of these weapons.5y the 


United States, one of these nations might, for fear.ór any other reason, 


t 
E 


th. 
decide to strike and win its war within a few fours before the United 
a 


States or any of its Allies can think of applying Sanctions. This 


ie 


country with its long coastlines is“particularly vulnerable. The 


A 


4 


modern weapons can be smuggled in during peacetime by the agents of 
& "friendly" power as a purely routine precautionary measure. They 
will be stored in all major cities possibly over a long period of 
a * 
years until an internatiorüconflict it is decided to detonate them 
Hh 
in order.to be on the safe side. 
If after this war we have an armed peace in which a number of 
A 
nations are in possession of modern weapons in substantial quantity 
and if one of these nations starts a "war" there may be no time to 
i anaron E iL. i — deis calles 
FH t ^" j 
apply sanctions before gl of our major cities have been destroyed. 
It is of course possible that the present trend towards such 


an armed peace may be changed. Fom«one, [he war is not over yet and 


ATEM aient mei d 





for all we know the Germans may ens weapons in it before long. 
Their effect be&ng/ demonstrated the discussion of the postwar organization 
might then be taken up again and carried on a level which takes into 
account these new realities. But even so, I fear that the chances for a 


stable peace after this war are slim,seeing that it takes time for people 


to grasp the full meaning 2 this new Ba SLODBHE. 


For this Xx& reason we ought to proceed on the assumption that 
md 7 





only an overwhelming superiority of this country, perhaps in collaboration 


with Great Britain, in the quantity and quality of modern weapons can 


safeguard —— * I ie 3 — J” m d 
Aa. , 
he maintenance of phe — d ie re the most important — ~ 
p (^. "-Q Ate, ee v. euo —— 
peace application of — development ind it is difficult to think 


of any other peace application which might achieve comparable importance, 


It seems to follow that in such a situation kg we cannot think 


in support of such policies of the administration which might be 
opposed by those who were not given enough time fully to understand 
the implications of the developments of which our group of physicists 
and chemists has been fully aware for the last three years. It appears 
to me conceivable that a lobby of this unprecedented type might not 
remain without effect because politicians are usually shrewd and 

would have no difficulty in seeing that we are sincere and have no 


political axe to grind. 





xf 2. “It seems to me that as long as the danger exists that we are 
* 
moving towards a-balance of power and in the absence of' a police, by 
* 
far the most important peacetime application of the modern development 


will remain the maintenance 2] poa; 

No other peace application.can — — way in importance. 
The only strong argument in favor of looking for other peace applica- 
tions is the possibility that certain peace sop ltea pious night supply 
as a Pp e those substances which are needed for SEE 
dede Nn However, I know of only one application which meets 


S requirement, 


It seems to follow that in such a situation we cannot think of 
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returning to the normal method of publications which would make basic 


Yo NEP Gol tec 
information available to the Whours enemy. Clearly we have to steer 


clear of two dangers: One, to have no secrecy at all and give away 
the information to the enemy and, the other, is to hinder the work 
of our own physicists and chemists by preventing them from freely dis- 


cussing their results with each other, / If we do the Forger, countries 


* 
— 
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Unless we have a large group of scientists free from compart- 
mentalization it will not be possible to attain that research spirit 
which is essential if we — to — after the unrecognized problems 


2 —— £e 70 x 
and thus with t = — et Noi * 


def. rae etg — ——— 
a-group-il.is-net possible to arrive/ telat the balanced judgments which 7 
are needed for steering this work TOM the right channels. White this 
point will be cluberatsd fures below, it should be emphasized from the 
start that compartmentalization of information as it has been practised 


in our projects is uncompatible with efficient development in the post- 


war period. 
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which start from scratch can catch up with us and surpass us within two 

[m~ , 
or three years. if we do the latter, it may take a country starting 


from scratch somewhat longer to accumulate the basic information = 


4 
needed for this work, but if they trust their own men they will be — 
in a much better position with respect to unrecognized problems 


and therefore in the long run (say 5 to 10 years) far better off then 
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we are. It follows that we have a difficult task (1) to persuade our 


ou 
politically less interested physicists to cooperate in 4 scheme of 


— ⸗ —⸗ 


withholding information from everybody who does not take responsibility 


to keep this information from leaking out, and (2) to make it clear to 
“M 
eT ees that a large group of scientists freely cogmunicating 


^ information to each other is a minor danger to security but that the 
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existence of such a group is essential i balanced judge- 
— — Án A 


went as Lo which lines-ought to be-subported and also essential to 


attain that research-spirit without which-we-cannot-hope successfully. 
Lo—compete with other countries.— 

| As to what is secret ixxxE froh the potential enemy it seems 
to me that we should take the stand that the most important secrets 
are the basic information, the points of view which we consider 
ought to be guiding, and the emphasis which we wish to put on one 


or the other line of development, Once this information is à 


Yo, any country which wishes to start from scratch the mere construc- OI TR 


= —— — — AA. ee — yg 
tional problems-can be solved in an astonishing/short time by a A | 

ca S. Leedins a secret from our potential Exe ds 
| S \ fon 


1 à \ ^. 
enemids is, however, a very different proposition \from keeping in- 
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formation from ourselves. While this point will be elaborated further 


below, it Should be emphasized now that compartmentalization of in- ANG 
formation as it has been,practised in certain war projects is in- | 

j [Ae 
compatible with the efficient development work in the postwar period. } URL CUR 


3. The question arises as to whether this development is best 
carried out under Government auspices or under other institutions 
where the profit object plays no role or whether industrial research 
laboratories are more suitable for a speedy development. , In examining 
this question we shall restrict ourselves to fundamental research 
and that very important region between fundameutal research and 
actual consturctional work which consists of a balanced mixture of 
technological development and designing work and which carries the 
development from the early discoveries into the process design stage. 
I personally believe that this part of the development work is best 
kept out of the hands of commercial companies provided that certain 
essential requirements can be met if the guidance of the work is in 
public rather than in private hands. 

Clearly the two most important dangers of having this work go 
on in the postwar period under the guidance of the Government or some 
other publie non-profit organization are the following: (1) Over- 
centralization. This leads to the danger that all the work will be 
planned work. xXx That is, certain steering committees or administra- 
tive heads decide the relative importance of different lines of 
work and set up a priority system. The result is that if a group 


wishes to move in a certain direction because it feels that xk 
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that direction is promising’ ft an early, stage when the justification 
—N 


of that work cannot yet be objectively demonstrated, their work is 
Eom. 


sh slowed down by having a low priority that it is practically im- 
possible for the group to get through the preliminary stage of the 
work and reach the stage where they could ask for permission and 
high priority. 

The remedy seems to lie in giving all members of the staff who 
have in the past proved that they are able to select promising lines 
of development a definite status which would enable them to ——— 
as follows: Something like 80% of the facilities will be subject to 
the priority system, that is, will essentially be reserved for planned 
Work. The remaining 20% of the favilities can be used by any of | 
these "fellows" if they — group are willing to put in time 
along a certain line of development they will have the 20% of the 
facilities for whatever they think is useful work. If much such 
free work is going on there will be some competition for the 20% of 
the facilities and the free work will be somewhat slow but still it 
will not be completely suppressed as it is bound to be under a 
priority system. ( Another danger of the centralization is the dif- 
ficulty to form temas which comprise physicists, chemists, engineers, 
metallurgists, etc. There may be a tendency to form a vertical 
organization by setting up divisions for these different categories 
and expecting any working group to turn for help to these difisions. 
There is of course no objection to having a metallurgist - © Ce 


yer yt Ce 


as a surfeee division upon which groups can call for further help 


by each EXEMB major group will nave to have its own physicists, 
chemists, metallurgists, etc., if it is desired to move fast through 


various early stages of development. 





A third danger of centralization consists in giving certain out- 
standing physicists or chemists the responsibility for a too large fraction 


of the total work. The whole machinery under one man will then essentially 
that 3 
be dominated by the ideas of that one man and ik as hardly the best way 4 
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(2 Noel te ee ee can become a “Very serious i LA 
danger if the fact that a number of independent units are kept working AA 
in the field & leads to a situation when the members of one unit cannot C “tee 
freely discuss their work with members of another unit. The result would 
be that a number of problems will remain unrecognized and therefore 
unsolved. Apart from compartmentalization of information which would 
have this effect, the same effect can also be brought about if the geo- 
graphic location of the various research and development units is such 
that it becomes very difficult for the members to have extensive talks 
with each other. 

(3) Stuffed-shirt Direction.--In an enterprise which is carried 
| MO NEAN ne ass > ene ent A EDN 

on by the Government or some large non-profit organization the directors| E 
of the obtusiuation do not participate in any financial gain or loss. 
This may easily lead to a situation where their chief desire is to 


eu 
maintain a record as to their conduct of affairs, That is, they 


will desire to take action on the basis of recommendations made by certain 


LO 


committees. Their desire will be to have these committees composed of 
men whose names are publicly known in most cases on account of some 
outstanding achievement in the more or less remote past. Such men are 
mostly rather busy, can devote only a small fraction of their time and 
attention to the problems involved, and have in many cases gathered 
their experience in a field entirely different from this field of 
modern development. What they know about this modern development they 
do not know through their own work but through what they have been told. 
To know what one is told is certainly not enough and it is pmpossible to 
have confidence in the recommendations n re E Ster ek 
The sanctioning of any program pf this type is probably un- 
avoidable if we operate under Government sponsorship or large non- 
profit mx foundations. The effect of this mode of operation could 
however be made probably fairly satisfactory if these committees were 
guided in their recommendation by the recommendations of teams formed 
by men who have first-hand knowledge of the problems which are 
actually involved. I believe, therefore, that uii I following 
sort might be a workable solutionj 
The men in responsible scientific or technical positions (as 
| J — nor T 
distinct from the men in administrative positions) who have first-hand 
knowledge of the problems involved may be made to form a panel. It +& (hasz fe 
— to keep informed as well as they can with all developments 
in any of the branches of this work thereby cutting across the organiza- 


tional boundaries of different enterprises which make pessibie the 


totality of the modern development. Most men mf on this panel will 


DL 


most of the time be fully engaged in some specific work but a fraction 

— or 7 -—— — — 
of them will for a certain period of time/free themselv S from the 
— —e,, — NT — = 


hat will from time to time go 


lynn Jr — 
on record with respect to as project ane 
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Special work in hand and form Ey 


h ALVES 
which are a part¢of it. The composition of this (feam*will change aee to | 


40 Ars Khaw 
from time.to time, some of the members /Boing back to|special work and  ^r€ 
being replaced by other persons from the panel. It will be the task — 
—— téeam to realize ahead of time, months or years ahead, what 
E EN 
major issues may come up for discussion. Next they would have to take 


— ——— — — —— o E aT 
steps to get all the experimental evidence which is needed in order to 


n] — — 


give sound advice with respect to the decision. TheTr-e9299k-in. Lhis... 


| use "Ehey will be free to have direct 











contact with those men in the special projects from whom they believe 
they can obtain the special information which they — in- 
be rU bh nm Iota 

formation is not available they will ewe to arrange for further experi- 
ments -ee—be—conduebted to provide this information. 

If this team is then put into a position kmxEkkwx to gather 
the necessary evidence they would have to discuss with each other the 
issues involved. During such a discussion it would gradually turn out 
that some of them have thought more about the issue than some others and 
in many cases the decision will end with a unanimous opinión among those 
who consider themselves competent to judge, while the rest will abstain 
from expressing an opinion as it ought to. In other cases there may be 
a majority opinion and a dissenting opinion (since occasionally it is 


unavoidable that on the basis of different experience in the past some 


12 


persons will favor one solution and some persons will favor another 
one). 

The result of the deliberation of such a team would then go on 
record and would be 


— — — 


pesitions—and.would bg communicated to those who have administrative 





positions in the various projects which compose this development AC 
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SUMMARY 
Ihe inclosed letter is sent to those physicists and chemists 
upon whose eO — initiative, and correct judgment 


" ; ( » 
Jv. a. fs 15-2. 4 s 
our heen! work TS based. tt puts down those considerations and 


cc 
opinions which I believe might be shared by the majority of this group. 
The purpose of this memorandum is to find out whether we can reach a 
consensus of opinion concerning the following questions: 
l., Do we feel responsible for the consequences of our work 

to the extent that we are willing to raise our voices at the 

proper time and proper place in order to give expression to our 

belief that the "modern" development with which we are associated 

will make it impossible to preserve peace which is based on a 

balance of power or covenants calling for collective action 

against aggressor nations? 

2. As long as we have no organization of the peace that 

we can trust to be lasting it must be our concern to have in the 

United States an overwhelming superiority of, modern — 

as to avoid a balance of power in the field of modern weapons, 

Are we then willing, after — — time as an 

adequate organization of peace is put into effect, wikinge to 

take a stand in favor of safeguarding the information which 

we have accumulated from reaching countries which are potential 

enemies? | 


3. Can we state clearly principles which will permit a 


sufficient safeguard of secrecy without hampering the development 


work either directly or indirectly by annoying the physicists 
and chemists? 

l. Can this work be carried on under government auspices 
or under auspices of other non-profit making organizations 
without giving up too much of ie advantages of free research? 

5. To what extent should there be planning and to what 
extent should the research be free? 
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| (1) 72 T and T4r (or some other similar combination) is mixed with 
bacteria in such proportions that an infection with three virus particles 
be ten times less probable than an infection with two virus particles. Out 
of this mixture after suitable dilution, about a 0.2 ec. is pipetted into a 





large number of small test tubes. The dilution is so —— aa to have a n 
probability of nivel rasan 10% to have in one test tube two infected bacteria. : 
All these test tubes are incubated to give one burst and then plated out in 23 
Hershey agar. Q 

The majority of these plates will show bursts from single infected bacteria à j 
and we mèg ave an equal — ines which show bursts from two infected N 
becteria or bursts from mixed infected bacteria, As a first selection, we pick } 


those plates which show an approximately equal number of large and small plaques, 
one 

faking/such plate, we dip a needle in succession into the large plaques (the 

original T4) and tranafer the virus from them into one test tube which we 


N 
inoculate with bacteria and incubate. We plate out the virus which has grown J 
in this test tube on B and on B/4. If we find an appreciable fraction of 


plaques capable of developing on B/4 we conclude that the plate which we picked 


originates from a burst resulting from a mixed infection with exchange of IY 
character, We then retain this plate for further experiments, making either one N 
or two subecultures from every plaque on the plate, These sub-cultures will then 
be individually analyzed to show whether they are T2 or T4 and whether they are 
small or large plaque formers. 

Before starting this experiment, we ought to consider whether it would not 
be wiser to use T4 and TÓ in place of T2 and T4. One of the guiding considerations 
should be maximum plating efficiency of the virus as used, This is essential 


since we want to find a correlation between the loss of the r character by one 


virus and the gain of the r character by the other. | 
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I. Introduction r 
Prom the tentative work of Arrhenius and Madsen! up until modern 
research, which dates from the introduction of microdeterminations in immuno- 


o WE RAVE 
one-has searched for a method to 


chemistry by Heidelberger and Kendali°*, 
aescribe quantitative reactions between antigen and antibody based on the law 
of mass actione Interest is not only of giving to these reactions their place in 
the framework of general chemistry. The knowledge of equilibrium constants 
and other thermodynamic quantities is a source of information which is &ften 
not replaceable by any other. 
This information is at least of two types. One concerns the identi- 
fication of antibody. In the actual chemical state, these proteins can only 
be characterized by their reaction with the opposite antigen. But the 
verification of inequalities in the energy of reaction allow distinction to 
be established between the antibody which combines specifically with a like 
antigen pub different between those iyedbe details of more or less fine structure. 
Another sort of information concerns the nature itself of the struc- 
tures causing the anni of antigen and antibody. Thanks to the development 
of theoretical chemistry, currently can be calculated with more or less rigor, 


the energy of combinations according to the type of forces set in action, that 


DETER. M A c b R 
is to say, finaliy-bepimmingAwitir-seme details of structure. Reciprocally, 


ARISES 
some information on these structures spin from some known energye When one 
HAS 
has seen enough ef reaction or,alter£bthe protein molecules, this method of 


approach ,in order to know the composition and configuration of the active groups 
has so much more value than a few other methods used imeorüer to obtain it. 


Pauling^ has opened that pertinent path of combination of antibody with antigen. 
ObsSobuTeEL 
However, in a thermodynamic study, it is practinatl+ necessary to be able to 


ANE RG 
obtain the basic known 2 The direct determination, by calorimetry sof the 


V 
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heat of formation of an antigen-antibody complex, has been effected only one 







movlodge up to the present time on the forces 





A convergence is imposed, with the point of view of specificity with or 
enaymatie reactions. But the anslogy cannot be carried too far. Some peculiar 
difficulties are encountered in the study of inmmmological reactions There 15; 
Tirst of ally the heterogeneity of ihe inmune serum. On the other hand, the 

enable sites. In the antigen antibody combinations, the situation is 
less simples lot only the antigen carries a relatively large number of reactive 
groups on its molecule from which results a variety of combinatdons with 

ibody, but the latter, if it is also mltivalent, associates betwee: it 
"les of antigen, creating agelomeration in regions of diverse compositions 
group the diverse irenmological resetions according to the more or less—iaxge 
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ie Hypothesis of the mechanisme 
ihon oné-has-mixed a specific antiserum with a suspension of bacteria or red 
colls, one can expect to find a simple relation between the concentration of the 
agglutinin remaining free at equilibrium and the quantity of that antibody which 
is fixed on the cells. Iwọ types of theories are offered in order to explain 


l 


agglutination. Berdet® admits thet the presence of antibody renders the cellular 
NS S TEE mitia oft latent. The changes in the polar 
properties of the surface may also be sble to have an effect. Boyd! has 
largely exposed that which perhaps could be said in favor of these eskbssblens. 
Another nechanism is suggested by the views of Marrack?? on the formation of 
specific precipitates. The sane forces which unite the antigen to antibody 
are responsible for aggregations The antibedy is then at least bivalent since 
it is able to unite two antigenic groups in order to form an aggregate.  Thís 
point of view is in particular that of Heidelberger? and of Pauling”, The 
cation of the law of mass setion constitutes a certainly difficult problem 
scconting anjene or the other type of meuni 4s taken inte considerations 
The reason for Li is only if the antibody is multivzlent, the mmber of groups 
of antibedy and antigen combined ean-oniy be deduced from the simple difference 
between the total antibody present and that which remains free at the end of the 
reaction. However, when there is agglutination, one has completely in place 
of these thoughts, for geometric reasons, the fact that the mmber of molecules 
of agglutinin effectively adhering to two cells 1s negligible by relation to the 
mmber of molecules simply fixed by a single groupe One can then easily apply 
the mass action law te the fixation of agglutinins. It will suffice to treat 
the cell as an enormous molecule carrying a large number of reactive groups, 
2. laws of multiple ec ons without polymerigation 
Let us consider a large molecule G carrying reactive group, © all alike of which 
each one can fix reversibly one ion or one monovalent molecule Ae In the system 
in equilibrium with A, there exists some molecules G, GA, GA, OA having fixed 
0, 1, n, m molecules å conforming to the equilibrium: 


GA? A —— GA, 














From which a series of equilibrium constants 
K4 *. (0A,)/(0A4 4) (A) 

the terms between parenthesis represent, following the custom, the activities, 
being, with a certain approximation, the concentration of the constituénts at 
equilibrium. 

À statistical method allows the distribution of the combined groups 
to be known. These are NX mi/ui(n - n)) types of complexes. GA, which one will 
designate by GA, i, GA, Done Mig, OA sd and are different by the sites to 
which are fixed the n molecules A. Let us adáit only all the groups G are 
equivalent and that there is no attraction or repulsion exercised on the A 
molecules by the GA groups already combined. Then a single constant will 
correspond to the equilibrium between one type GAy,4 and one type Gnl, j 
which are n, i and j. 
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If one progressively increases it, up until all the fixed A - to 





obtaining G, by a sequence of such equilibria, one sees we have; 





K is called intrinsic constant of combination of the molecule A with a group G. 
In making the sum of molecules A fixed by all the complexes GA,, n varients 
of 1 to m, one finds that the relation of the number of groups combined GA to the 


total number of large molecules G present is: 
| (1) 





Another important eoncept is the degree of advancement of the reaction. That is 
the P of combined groups: 


(CA) a = thes 


(2) 








supposed equal, that the constants 


effects of ontropi 
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nsic constant can be considered as the constant of equilibration 


we | 
of the reaction G + A ——> GA where the group Gy in place of being dependent 
on a large molecule, would be independent of these same molecules. 

One finds again in the relation (1) of isotherm adsorption of 
langmir where m is interpreted as the total mmber of sites of which the 
large molecule G has available in order to fix to its surface an A molecule. 

According to the hypothesis which has served to establish that 
relation, ome of its conditions for validity is that all the sites offered to A 
If this is not so, either on the same molecule or fron one 
daia b Aia Di as Dba d bi Gahi adhi dia aAA A 

orption will be represented by a Freamdlish isotherme. 

Several methods of utilising the relation (1) in order to determine 
the K constant and the mmber m have been employed, 

l. The K constant is equal to the inverse of the concentration (A) 
when r/n to equal to the value 1/2, that is to say when the large molecule G is 

Ze One can, in the manner of Klotz^? express the experimental values 
of l/r as a» function of experimental values of 1/A which can yield an expression: 


Aa 1 + 1 (h) 
r HW HU) 
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The slope of which is equal to l/nX and which intercepts the ordinate axis 
ab the valve of M/m 


3. One can obtain an expression 1f one exprosses r/(A) as a function 





of rt 
á iia (5) 


Tho ordinate is intercepted by & volue equal to m and the sboissóó by a value 
equal to me That procedure uiilized by Seatehard??, puts some important evi- 
Evidently the (1) relation corresponds to limited conditions, the independence 
of local. diverse reactions anong molecules A md G groups are only fessible 
examined, from a theoretical point of view, $» the case of other complexes, 
where the antibody moleeules on the antigenic surface are mtually attracted 
or repelled. They have also outlined the caleulation of the influence exercised 















wé-heid that the only viewpoint from which the antibody can be consid&red is 
— o£ tehediginn D adn; Qe 
té seid gon ir tehsil Qe thui Xil Ain im 2A 
determined in the liquid supernatant 

However, the preliminery resulte obtained have not lot to results 
easy to interpret. 





The most clear cut are those of Eisenberg and Volek” on the absorption of 
agglutinin by the typhoid bacillus and of Cremel1! on the absorption of 
hemolysin by the red cell. If one plots on the abeisse the logg of/antibody 
and on the ordinate the quantity of antibody combined, one obtains on occasion 
straight lines, that is to say, that the relation is of the Freundlich isotherm 
type. It is necessary to see, after that which has been said previously, the 
One ImpiS, qualitatively, from Landsteiner)? that the ageictiveted red cells 
(by normal human sera) release much agglutinin by heating to 50-607, ou een 
ims hope that the process of ischemagglutination showe itself favorably for a 
quantitative study. Effectively in the course of a series of researches on 
the serum of individuals of blood group A and O put in the presence of cells of 
Group By and on some serums of individuals of group B put in the presence of 
ceils of group Ay it has been possible to demonstrate the reversibility of iso- 
hemagzlutination and to measure the erthalpy and the free energy of the combina- 
tion of agglutinins with the agglutinegic group. The reversibility of the total 
process, that is to say, the secondary action, agglomeration of cells, as well 
as the primary action, fixation of agglutinin, has been established by Mlitti- 
wuruser and JaequoteArmand!U, in the manner of two types of experiendeg, dis- 
placement of equilibrium by temperature and by variation of volume. 

le If at the time, to a given volume of serum from an individual of blood 
group A one adds an increasing nuber of red blood cells from an individual of 
group D, xysiwiimiiux ixmvexsum 9ne-2900 that the number of red cells agglutinated 
increases up until a maximm values This value is increased when the temperature 
is lowerede Yor certain serums, the effect is considerable, we shall see later 
that these are those coming from individuals whose blood genotype is A40» This 
sirand' exothermicity has been put to use in order to gain evidence of the 
reversibility of the action of temperatures 























The rate of agglutination related to the number of red colls agglutinated fv 
to the munber of red cells present has been measured by a certain mixture of 
red cells and serum, one part at 37° and the other part at S°C. The results 
have been compared with the rate of agglutination of s mixture prepared in 
ee 

was then carried to 37°C. These results are presented in Table Is 





these results demonstrate the reversible equilibration with temerature. 
A 
Que-has studied moreover the agglutination obtained by elution at 37°C, with 
an agglutinate formed at that sane temperatures This agglutinin put in the 





presence of B red cells acts according to temperature as the serum from which 
TUECEFORE. WE Do not Have To DERL WiTH TeMpCRATURE 10) SERUM Con TAG 

agglutinins capable of acting at different temperatures, but eertdinig a simple ius. 
iseagglubinine nw. 

2. The rate of agglutination at 37°C for a given quantity of red blood 
cells and of serum in a given volume V has been compared to the rate of agglu- 
tination which is obtained followings an inverse course. 

Paaa aa an an a a trs dey 
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"E Of AGGLUTIN Ó + SUSPENSION OF RED BLOOD 
Bat 37°, af §° am at s° arm — N PREVIOUSLY AT 5°C. 
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agglutination of the mixture of (4,0 + | lon of 
red blood cells H) in volume ve — — 


Illa vø ^ 





2. Application of the law of Mass Action 

Let us now envision the primary act of ischenag:) 

In a serios of research [llitti-vurmer, Jacque 
applied to this the laws of chemical equilibrium Lot K bo the intrinsic 
constant of combination of an agglutinegin group G with a molecule of agrlutinin 
Ae let m be the number of G groups accessible on a rod blood celil and h the 
molar concentration of the red blood cells. As groups are without interaction, 
m hy calling A and A> the concentrations of agglutinin 











| h Nx 
à is We n 


sux The slope of the straight line which represents the values of h/(A)g as a 
funetion of 1/(A) is inversely proportional to mK and, since m is a constant, the 
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the relation of the slopes at two-temperatures permit\ the calculation of the 
^e Changing enthalpy. /M corresponding to the combination of 
a molecule of agglutinin with an agglutinogin group (59). 

Te suffices in àrder to obtain /W to be able to express the agglutinin in 
relstive values, One can determine with precision the relative concentration 
of iscegglutinin after the maxim muxber of red blood cells which can be 
agglutinated under well defined conditions. This has been established by 
progressively diluting the same sera and measuring the maximum nunber of red 
cells agglutinated by a mP at 4°C in a mixture consisting of 0.6 om? of serum 
plus or mimis diluent and 0.3 om? of a suspension of red cells, let us call M) 
the mmber thus found and cp the relation of lj, to the molar concentration of 
agglutinin. “hen a mixture of sera and red blood cells obtains its equilibrium 
at a certain temperature, the agglutinin remains free and is measured after 
centrifugation by the maximum number WN'j of red blood cells which the liquid 
supernatant can agglutinate ab °C in the indicated condition for the determination 
of M» As to the fixed agglutinin, it is obtained by the difference between the 
number M, and Iht. Allow Np to be that difference and N, the total number of 
red blood cells present, the mation” 

P 13 + g: 10 (7) 
T " — 

The variation of enthajpe, AH is obtained from determining seme values at 
two temperatures of Nj/ipand N',, which result uniquely from the mmbers of red 
blood cells. ‘These numbers are determined eather by hemedyetameter road directly 


by microscope or wy microfi. 

3« Classification of isohemagglutinins anti-B 

For the sake of clarity of that which follows, we will say a few words on 
human isohemagplutination, There exists normally to the sera of individuals of 


dn 
blood groups B or O twojagglutininam&&eA, one a acts at the same time on blood 
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cells A, and As, the other a acting onnly on the red cells Àj Ihe serum of 
individuals of blood group A and O contain an isoagglutinin ambi-B. One of the 
results of the thermodynamic study of isohemagglutinatesll has been to make known 
(1) that there exists davarst anti-B isohemagglutinin; (2) there is in a given 
serum A or O only one of these isoagglutinins. The multiplicity of isohemagglutinin 
anti~B is apparent as a consequence of the study of 26 serums derived from 
individuals of blood group A. After having eliminated complement, the study of 
the influence of temperature on agglutination of blood cells had led to the 
division of these serums into a small number of classes. It has been found that 
1 Grle-wes Confined to the same class if one divided the serums according to 
their origin from individuals of subgroups A,» Ay» Aye Moreover among the 22 
serums of subgroup Ay» two were different from the other 20, one could show that 
they act in fact like sera from individuals of genotype A4A4. 

All these anti-B isohemagglutinins have then been designated by symbols 
relating to their original genotype 6(A,0) B(A4A) B(A2) B(A3)e And the anti-B 
isohemagglutinin present in the serum of the individuals of group 0 has been 
called 6(00) because it also has its own characteristic properties, 

le Measurement of enthalpys. 

Figure 1 demonstrates the experimental results obtained with serum 
A40, AJA, and O at 37°C. The values of 1/N') are on the abcissa and the value 
of N,/N& are on the ordinate. One sees that the linear relation is well verified. 
The representative lines cutting the axis of the ordinate at the neighborhood of 
the origin is a consequence of the magnitude of the number of m groups (agglutinogene) 
present on a red celle The slope of each line then is practically equal to 
(N,/ N,)N! j* Table III establishes from hat the work already citedll,12,1h iq 
ihat.of MavrideslÜ which iosiesiee iho alpes of the line ealedlated by the method 
of least squares and the values of AH which are deduced from them, expressed as 


Kcal per mole of fixed agglutinin. 





- DH, Kcal 





1451 * 0407 
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Figs le Inverse of fixed agglutinin on a red cell as a function of the 
inverse of free agglutinin (in relative values for 3 types of agglutinin. 
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Sa Determination of equilibrium constante 

7» until now the eamcentrstion of ecmbisad dgrlutinin (ind ve) have 
only been expressed by thedr relative valuos Ny and li. But if we wish to obtain 
K from relation’ 4% is necessary to know the cooffíioient of equivolence between 
‘he relative concentration ef iseagelutinin expressed by mibers Ny, Nand Ny 
and ihe molorities that they represent. cotta a onoo an, i na 
n of agglutinogen groups present on a red cell wi3i-be-eblo to be measured 
exparimantol lye 

The calculation of a is based for eneh type of agglutinin on two 
determinations, those of : ular weight of agglutinin and those of N which can 
be catined specifically in a serum in which ]) is knowne 
le Molecular weights. Tho molecular weights of 3 isoapgrlutinins 
anti-D, B(A.0), pA.) and D(00) have been evaluated by measuring sedimentation 
constantel?, Those measurements have been effected with a Spinco ultracentrifuge, 
OE E A qual tes dh The relative 
coil Gba uode ddl uni ditis i in ERE 
rod cells agglutinable at h"C. The values of sedimentative constants extrapolated 
to infinite dilution and at 20°C, Soy axe respectively 1565 x 10*]9 for p(A0), 
11 x 10793 foe pA ), 665 x 1077 for ((00)& In making the eustouery hypothesis, 
(n ini MÀ) Ve edt ubepiute vetgà vit Qo dens deme ms 
respectively: far f{A49)» 300,000 for p(A444) and 170,000 for p(00). 

2. — — — 
been detormined by combination of agglutinins with seme stromata of B red blood 
cells and the mierodosage of nitrogen thus fixed 12531), 

Finally, to eliminate tho anount of nitrogen arising from nonspecific 
protein, s quantity of B stroma equal to that put in presence of serum Anti-n 
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was agitated with some A,B serume Moreover some measurements effected with anti-B 
serum differond only by their relative concentration of agglutinin (1,). The 
values of a obtained are respectively 1467 x 10% tor B(A,0), 2x 2044 for p(A A )s 
0.6 x 10"4 for p(00). Knowing a, it is possible io determine m by dividing the 
mmber of fixed agglutinin molecules in the region of saturation by the number of 
red cella present. A value of XY 5 x 10” has been obtained for m with BO and Ay 
Table IV recapitulates these diverse facts and those which arise from 
them, intrinsic constants in liter/mole, variations of standard free energy 
in Keal per nole of agglutinin, and variations of oentron 


colorie/Jegreo, Jn E ger A 
TABLE ue eR — 
| ez. Low (» 


/ 
e 46) | B(A444) p(00) 








a = M /nolarite 10" 10^ 
X (377), litre/mole | 8x 105. 5 x 10° 3 x 105 
K (257), litre/mole 2» |22 x 106 8 x 10° 303 x 10° 


K (h^), 1itro/zole pi 170 x 1$ 22 ea he2 x 10° 
AF (25°), Keat FS th c 
AS (25°), enl/dog -21 +907 +2h 


Ge Interpretation of results 

the results of a thermodynamic study of ischemagglutination may be 
envisioned from two points of view, that which may be learned about the structure 
oT isont lutinln amdekhetewhibee nene PEE meae gui ek oett iiie oo e hopes ind 
and that which ean be learned about thoir formations, 

i. Information on structure, This information is limited by the fact 
that the obtained data on the heat of reaction and entropy are evidently round 
. the known processes in | combination ef agglutinins 
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of the molecule. The enormous influences between the variation of entropy which 
accompany the reactions of agglutinin £(A,0), P(AqA,) and (00): -21, *9.7, *2h 
allow little doubt that these disturbances are important. ‘The groups of atoms 
which are implicated in the union of agglutinin with agglutinogen B may be very 
similar to the diverse anti-B agglutinin since thay sre precisely responsible 
for the opposing specificity of agglutinogen Be There is then room for attributing 
the observed differences to that which takes place in the region of specific 
groupu. Tt may act by displacing some more or loss inportant molecules of H,O 
cordance with the dimension of the surfaces in contacte Bub the increase 

in entropy Can also correspond to some intramolecular change of the agglutinins 
when certain enzymes, such as urease and pepsin form a complex with their substrate. 

Another remark has been made in the course of a study on the influence 
3 on agglutination”, It concerns the valence of isoagrlutinins. 

One Gan prove that the mean mmber of molecules which are able to be 
fixed on a red cell of the former ha are agglutinshle varies with the temperature — 
more than those from the combination of that agglutinin with the agglutinogen 
which is more exothermice For example, for the same rate of agglutination, 0.5 

tained with serum A30 (AH = #16)Keal)one finds that the mmber of molecules of 

fixed agglutinin present on the red cell is 1600 at °C and 000 at 37°C. For the 
sane rato 0.5 obtained with serum O (AH * -1,7 Kosl) this rumber is 10,000 at },°c 
and 13500 at 37°C. 

the most simple elation is that the red blood cells attach themselves 
one after another by the second group of a molecule of agglutinin of which the 
first group is already combined. This bivalence does not intervene in the calcula- 
tion of eq um because for geometric reasons, a small portion of agglutinin 
molecules can be fixed at the same time on two red blood cells. But the adhesion 
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of red blood cells does not romain unless a reaction is started putting in motion 
effect of temperature on affinity may be of the seme order as the two procossese 
2e Formation of isohemagglutininge The facts established in the 

phs have raisod several questions concerning the formation of 








In the first place, there are the measurements of enthalpy and free 
energy of combination of D agglutinogen with ischemagglutinin anti-B which has 
to do with the discovery of the plurality of the formere ‘the same meagurements 
have demonstrated that the serum of s given individual contains only one type 
of anti-D isoagglutinin,. That homogeneity is esused by the manner by which the 
law of mass action can be applied to the agglutinin produced by a serum, without 
: wal ite linear relationship was verified with an approximation 
of 5X. There is a characteristic which disting: the isohemagglutimin from 
irune mtibodys It is intimately related to the existence of a genetic mechanism 
present in the formation of isohemaggiutinins. On this subject, the differences 
s videte qi gll MAGN P444) and f(00) 

cularly suggestive. It proves that there is no heterozygote 
doninnoe of the gone but a cooperation of the two alleles inthe peodustion af 


se EES LLNS ENT A REALISED LINEA GENET SNEED ELON ES EAD {RRL Yen eee PEE PIES IVE i 


a hybrid molecule (A0). 
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A confirmation of this RORIS! DA Aran Aa aia aS 
of anti-D isohonsgglutininiS, One should have boen able to think that the 
properties of sona A40 resulting Svon the eese of c conimation aro very 
littie Gissoctatte-tran the two agclutdmins ((AjAQ) amd (00). Ixporienee has 
We. Que has caleulated the relation Mj, as a function of 









shin that these is mse, 
i"), for mixture of serum A343 and 0, in admitting that the two aggixtdmins are 
codbined with the agglutinogene croup conforming to the equilibrium constant which 


- 


whieh are there and which are indicated in Table IY. One has found that the 
experimental points fall well on the calculated curve. In the region where the 
former is almost linear, the slope is, for example ast 37" about 3 x 107; 45 is 
intermediate between the slopes which correspond to iscagglutimins D(A4A4) and 
and p(00) when they are alone, and which are respectively 243 x 10° and heO x 10° 
The /(4,0) aggiutinin whieh gives a slope of 165 x 10° can hardly be confused with 
a mixture of D(A4A) and B(00). 

In summary, each agglutinin in order to be fixed on the agglutinogen in 
competition with another, conforms to the law of mase action and without interaction. 
On the other handy ono observes that in these mixtures the produet (N/ip) NI}, 
conforming te the calculation, varios with the total concentration of acsInti 
present, contrasted with the results obtained on individual serums skt in which 

the existence of a hybrid molecule p(A,0) revealed by the thermodynamic 
study of agglutination, confirmed by the measurements of speed of sedimentation, 
poses the problem of the collaboration of two alleles in the synthesis of a 
proteine That question has been discussed elsewnere™, 

There is yeb another question which concerns this time the agglutinogens 
-he mossurenents related to this have bean put in evidence of the nature of the 
identity of 3 agglutinoger groups present on the red cells BO and A4B. Certainly, 
their mmber is the same on a red cell within the limits of the precision of 
measurement since these groups are found under the influence ofgenos A, B and O 
and some points are predestined on the red cell.l^, 

















III. Combinations of Hapteris with Antabedies 
As Determination of a mean intrinsic constant 
The study of equilibrium between haptene and antibody does not differ 
in principle from the usual study of reversible combinations of proteins with small 
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molecules. Jut a complication is introduced by the fact of heterogeneity of 
antisera, that is to say, the simulianegus presence of antibody of unecual affinity 
Pauling, Pressman and Grossberg? have admitted in n theory of 
camebition between haptene and antigen, whieh will be questioned a little later, 
that the heterogeneity of antibody can be deseribed an an error fietion in 

the free energy of combination ef haptene with antibody. let K represent the 
constant of inhibition, that is te say the equilibrium constant of a haptene 

with a particular antibody, Eo a mean constant and the index of heterogeneity. 
The fraction of antibody molecules for which In (K/Kg) 4s included between K/K, 
and 1n K/K, * d 1n (K/Ko) a value: 

hee a {+ ARI. ] atn a) 

The same hypethamis has bes adapted ty Risen ant Karah when thost 
authors wished to apply relation] to the combination of an antibody with univalent 
haptenge ‘he problem has been trested in a general manner in another case’. Dut 
one can utilise aimply the fect that no matter what value of c be, the relation 
r/n is equal to 1/2 when the inverse of haptene concentrate 1/(H) is equal to the 
meon intrinsic constant Kee 

Eisen and Karush have imamized rabbits with sheep serum coupled with 
to 308. he eoloring homologous haptene was p(p-OH phenyl azo) phenyl arsonie 
acid. The antibody solution of known concentration was placed in a cellophane 
sac and equilibrated with a colored solution in which the initial concentration 
was equally knowns By spectevphotamstry ave determined the concentration (i) ef the 
color remaining free, which allowed the calculation by difference of the mmber re 
Pigure 2 represents the obtained remili) in plotting 1A% against l/(i). The 
extrapolation to the ordinate gives the value 2 for m, or another way of saying 
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the antibody is bivalent. The value of K, then corresponds to the value of 
l/(H) when 1/r is equal to 1. One finds therefore that Kgat 29°C is equal to 


305 x 10° liter/mole which assigns the variation of mean free energy the value of 


7e7 Koal por mole of haptene. Some analagous dialysis work, done by Lerman? 

who has put on the haptene preferred vy coupling diazotized arsanilio aeid 

8 amino l-naphthol-3,69disulfonie acide The antibody was highly purified. The 
free energy of combination at 39°C has been found equal to ~Ge8 Keal por mole of 
buipitnit 


Page 2e Holes of antibody per mole of haptene plotted as a function 
of the inverse of the concentration of free haptenes 





Be Study of forces intePvéniug in the union of haptene with antibody, 
When a molecule bears only & single haptenique group it can certainly 

combine with antibody but cannot form a precipitate, Its combination can 
however be made evident thanks to the phenomenon of inhibition discovered by 
landsteiner>6, This phenomenon consists of ihe diminution of the precipitate 
formed in presence of antiserum and antigen. Pauling, Pressman, Campbell and 
Teeda® have developed a theary of competition between haptene and antigen based 
on & common chemical equilibrium, A bivalent antigen G, a bivalent homogenous 
antibody A, and a univalent haptene H give complexes made up entirely by GAG, HA, 
HAG and HAH, and a precipitate GÀ of definite solubility. In the sme of equivalence, 
where the total molar quantity of G and A are equal, the quantity of precipitate may 
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be in a linear relation with the quantity of haptene present, The corresponding 
slope may be proportional to the constant of inhibition. That relation is only 
verified at very weak concentrations. Toking into consideration then, the hetero- 
geneity of antisera, one admits as we have seen more often, that the discrepancy 
between a2 mean value and the diverse free energy of combinations with haptene 
follow & imn curves The relation of the quantity of precipitate in 
presence of haptene to the quantity of precipitate in absence of haptene cer be 
calculated as a function of Ky, of the mean value of the constant of inhibition, 
of æ the index of heterogeneity, and from the total quantity of haptene. 

The shape of the,obtained inverse in plotting the quantity of 
of all to determine ~e As to the changes in the value of Ko, they have an effect 

Hsplasing the curve along the lengh ef the axis of the absipéus 

Certain of departing hypotheses, relative to the reaction between 
antigen and antibedy are in contradiction with the ideas which will be intreduced 
in Chapter IV. A O 

ms of small fractions. Put it suffices, in order to draw the 
conclusions which are of general interest that the relation representing the 
inhibition experiments certainly have the significance given to theme It thus 
permits the comparison of Ky values ¢orresponding to diverse haptenes and the 
calculation of differences of free energy. One can, in summery! consider 
precipitation with antigen as & mothod for fixing a concentration of standard free 
antibody. 




















In the ensuing measurements for two hapteneg the quantities which roduoe 
the concentration of antibody to that standard value, one obtains finally relative 
values of constants of inhibition of two haptenes. That method has made possible 
& now category of research, It has been demonstrated that the constants of 
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inhibition depend strictly on the degree of similarity of four of the haptenée with 
the immunizing EP Geeta: as if the antibody reproduced an exact template of the 
form of the tis Se ithin a precision of li”. The comparison of constants, 
for a series of related haptenes, containing convenient substituted groups, permits 
the recognition of the diverse intermolecular forces which are thrown into play: 
Forces of electronic dispersion and attraction of London due to the electric charges 


of opposite sign in the haptene and antibody. A typical aripile”? 


is the comparison 

between two haptenes one of which contains the phenyl trissthgl. antaiia aate 

EKxEWEB charged positively, and the other, the butyl tertiary benzene group non-charged. 

The ratio of inhibition constants at 5°C is 15.5, by consequence the difference between 
the shee energies is 1.5 Kcal/mole. If there is an electrostatic potential energy, 
it corresponds to two charges separated in the water by 74°. But the radius of the 

positive and the probable position of the negative charge situated in the antibody 

are such ues rude to a minigum of l.9A". From all evidence the Coulomb 
forces x£ certainly play the role one has — — theme Moreover, one finds 

there a supplementary proof that the forces of specific attraction between antibody 
and antigen depend very strictly on the degree of resemblance of their molecules. 

IV. Specific Precipitation 

A. General Characteristics of Specific Precipitation 

One of the traits which distinguishes the point of view of the thermodynamic 
application of specific precipitation from the immunologic reactions studied previously, 
is a large difficulty in demonstrating complete reversibility. 

Certain antigen-antibody complexes can be dissociated but only in the 
presence of strong saline solution. That is the case of the carbohydrate anti-carbo- 
hydrate studies by Heidelberger’ schooig (20927) , For anti-protein precipitates, the 
dissociability has only been described for the ovalbumin anti-ovalbumin system and 
still to a weak degree, in a work by Oudin and Grabor 2), From the work of Heidelberger 


(23-25) 


and Kendall the composition of the wash{precipitates of ovalbumin anti-ovalbumin 
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` are not perceptibly affected by the volume in which the precipitation was croduced. 


The precipitate seemed to depend only on the total quantity of antigen and antibody 
present. In contrast, a property of a specific precipitate, is their solubility in an 
excess of antigen, ami at times in an excess of antibody. This may be most easily 
interpreted by reversibility of the reaction. Several theories have been proposed in 
order to rive value to the absence of volume effect without completely abafndoning in 
every case the concept of reversibility. These theories differ mainly in the conception 
It is known that there sro on this point two 
pointe of view, already deseribed with regard to agglutination. According to Bordet's 
conception 2), the surface of the antigen molecule amy in covering itself with antibody 
molecules becomes sensitive to the flecculating action of electrolytes. Moreover, 
verveck "7 nos wade the suggestion that the apposition of paler groups of antibody 
on these of antigen may tend te dighsh the attraction of water ani that effect, in 
bonaid ak andi ank aiae saaat At a aiala aoni According to Marrack ^ 
Heidelberger l0) and raulingUiÓ) the essential fact of precipitation is the putting in 
motion of specific forces: the antigen and antibody being multivalent toward one another, 
waking wp sert ef © labhten whisk grom wp wiil the tine the parbishes beome Saree 
enough to se-arate out from the solutions 

Since there is no doubt of the miltivaleney of antigen, we see that the 
problem therefore rests with that of antdbodye Strong presumptions are in favor of 
its bivalence. But one cannot exclude without reservation the contrary opinion, in 
which certain antibodies are univalent and others bivalent as Héturits believed'2®), 
We will consider then the two possik 

First let us recall that most of the experimental facts rest on the following 
type of experience. A series of tubes contains the same quantity of antiserum One 
then adds inereasing quantities of antigen of which the amount of nitrogen is known, and 
consequently the mmber G, of corresponding antigen molecules. ‘Yor each tube the 
nitrogen precipitated is determined. If one plots the result as a function of antigen 
added, we observe a mucimm. By sensitive tests, it is possible to determine precisely 
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gives no more reaction with antibody 
or antigen, This is designated the equivalence zone. The amount of N (total) of 
the precipitate in the tubes of that zone permits the determination, by differencéd 
with the antigen NH, the M of the precipitate antibody. The quantity thus found is 
aching the antibody N present in all the tubes. It is a minimm, 

because there con be soluble complexes. Moreover, if the combination of G with A 
is reversible, there always remains free antibody. Finally, in order to pass from 
the quantity of N to the mmber of moles of antibody Ae a new appreximation is intro- 
duced, from the fact of hoterogeneity, since one does not know exactly the mean 
molecular weight to the number of molecules. 
Be Theories Dased on Univalenee of Antibody 

the relation”) is established for a univalent antibody. We have indicated 
em ss WB Vn UR PEU M —— — 


with bivalent antibody shen the — — —— 
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example, the neutralisation of tetams toxin by antdtexine In the sones of aggregation 
the) relation is valid only for a univalent antibody. It then fixes a mean value 
of the quantity of combined antibody for a piven gmantity of free antibody. ‘There 
exists in fact a statistical division compased of OA, Gly Gin... dns Yor increasing 
values of (A), there is a predominance more and more marked of complexes corresponding 
to high values of Ne Admitting with Teoret1 5) that the precipitates are due to 
the insolubility of the total or of certain single components of these complexes, and 
it in important that the precipitation does not exolude those from participating in 
the equilibrium. On the other hand, in place of that, the suecesvive constants 
K} K, K, differ only by their statistical term, which ie the basis of relation‘), 
let us consider that they have any value whatsoever. Theorell shows that if these 
values are conveniently chosen, one obtains, as a function of the quantity of antigen 
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added to antiserum or inversely, a distribution of complexes which is consistent 
with the known facts: the variable composition of the precipitate, solubility of 
precipitate most rich in antigen (antigen excess) (case of rabbit antisera) or solu- 
bility not only of these precipitates but also of those which are rich in excess 
antibody (horse antisera), finally the minimum effect produced by dilutions 
There have not been attempts of quantitative application from the theory 
of these particular cases, but one can reconcile the research where antigen antibody 
precipitates are considered as corresponding to a formmla GAym £xx mpudadumpag (00e 
from a lone complex, 
Two antilÉoprotein systems have boen studied by Haurowitz, Crempton and 
Sorinsid (19), These authors have meas:red after washing tho solubility im saline 
pension of specific precipitates obtained with tagged antigen and the homologous 
antibody of the rabbit, They admit that the solution contains essentially the 
antibedy arising from the dissociation: 
rd + A 
One can thon calculate an equilibrium coustent, ‘The experiments have been done at 
two temperatures, which furnishes an evaluation of enthdby. ‘The results aro the 
following, iP and H were expressed in Keal/mole 5 in cal/mole degree, and all this 
date corresponds to the formation of complexes. 








50 860 — = 25°C Beh 
5?0 8,40 


: ] 9,3 
h?c 845 29"0 9,0 
h^c 8,7 29°C 9,2 





Thus Cempbelland PulmanUÓ) remark that it is necessary to be assured that 
experiments by Haurowitz confirm his first results (personal communication). In 
washing the precipitate ono never series anything but antibody. But the results of 

É vRLuE 


analysis show that Nis comprised between 5.6 and 607, which indicates the existence 
in the precipitate of a mixture of GAG with GAg or OA7. Moreover, if one repeats the 
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the washing of the precipitate with a solution of NaCl 069 p. 100, one observes 
an increase in the experimental value for ^F, 
C. Theories based on the lattice hypothesis. 

in that gonceptien, the precipitate consists of aggregates in three 
dimensions, more or less large, of which the skeleton is fommed by some miltivalent 
molecules of antibody laying between those of antigen molecules. ‘The latter carry a 
nore varisble nuxber of antibody nolecules of which a single proup has rescted. 
What is the proportion of antibody molecules incompletely saturated to the ratio 
of the saturated molecules? To be able te answer that a theory is required 
soeptibie to-proving the composition of the precipitate and musuring the affinity 
of the antibody for antigens 

Hershey(27) in one of his interesting publications on this subject, has 
wished to avoid the difficulty by imagining that the antibody behaves during an 
mnai pase as if it wore univalent, the bivalence only comes into play in 
AGGREGATIon. “Sy use of probability applied te the kimeties of that second phase, 
Hecorwes sr To & M@lation between the composition of the precipitate and that of 
Ut emen mureec on Gquilfbrium for which the relation?) was validi. tershey(28) 
ee» PR THE eresuc —— Constants of the antiovalbumin system of the rabbit a value 
OR aq xlo Lite, /mets . ok We Cannot retain the idea of a period during which a 
molise of Aut esdy in spre of tts bivalenee is never associated with a molecule 
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its quantity are determined by the functional properties of the reagents and 
their properties in the initial mixtures In order to obtain that relation by a 
single use of probability, Kendall, out of the usual hypothesis of equal reactivity 
of 211 the croup, adaits two other conditions! 611 molecules of antibody which 
have siia, lae y one of $6 to groupa Gs in tho precipitates | De 
the completeness of theisaction has attained its mximm vahie. 

Goldberg ll) nas recently given a more general theory in which the equations 
(1) and (8) constitute seme particula» used and which ne already permitted a 
determination of equilibrium constant. It consists of deseribing the most probable 
distribution of portions and of the composition of aggregates constituting the 
precipitate, The statistical method is thet of Flory, extended by Stockmayer, and 
which has been used by these authors for the study of branched polymers. The 
hypotheses are based on the following: the precipitates are formed by aggregation 
in three dimensions from united multivalent GA. ‘there do not have to be any reactions 
carrying out a cyolie structure, which determines the numbers of links in an aggregate 
ef given size, As in the other theories all the energy of combination between two 
reactive groups are supposed equal, whatever may be the size or form of the aggregate 
whith these bonds reunite. In order io calculate the most probable distribution, 
Goldberg considers the reaction proceeding reversibly by combination of an increasing 
maher of(groun(G lof the antigen G with A groups of the antibody A. The system 
acts by a series of the most probable states, that is to say, maximum entropy. ‘The 
distribution ean then be calculated for a certain degree of advancement of the reaction 
Pg defined as the ratio (0A)/((G) + (GA))e Goldberg has treated the case of a mixture 
of bivalent antibody and of multivalent antigen which can also held for sono univalent 
antibody, This mixture is constituted by aggregates of which each type is characterized 
by the number Spf i, jy k of these three substances. If one knows the approximate 
composition of the system and the degree of advancement of the reaction, one has the 
means to determine the number of each type of aggregate even as is done for molecules 
of antibody and free antigens 
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let there be a system composed of Go molecules of antigen, A, molecules 
of bivalent antibody, Do molecules of univalent antibody. Let us call r the ratio 
im mGo/2A of the number of antigenic groups to the number of bivalent antibody 
groups, q the number of free antibody on an aggregate and p the proportion of 
groups of antibody belohging to bivalent molecules. The number of aggregates 
having the composition i, j, k is: 


mk = kj} k= *- 


(9) 
ynk-k-i-j*l 


ktitj-l ( i-ctl 


p 


l-p (1 = p)” 


(1 = ppr) 
i= k=l +g; O¢at jg mk = + 2 
The theory predicts the essential facts of specific precipitation. There 
exists a certain degree of progress of the reaction for which the system passes 
abruptly from a state characterized by many small aggregates to a state characterized 
by a small number of enormous aggregates. This critical degree of advancement and 
the composition of the precipitate at this point depends only on the valence of the 
antigen and relation of the quantities of reagents put together. The degree of 
maximum advancement of the reaction and the corresponding composition of the precipitate 
depend also only on the functional relatione We are then within reach of Calculating 
for these two degrees of advancement the mean values of the mumber of antibody 
molecules in an aggregate containing a given number of antigen molecules and, from 
that the mean relation of the antibody to antigen in all the aggregates containing 
more than one molecule of antigen. The calculation has been made by admitting that 
there arenot univalent antibodies, and the results have been compared with the 
molecular relationship of antibody and antigen in the precipitates studied by 
Heidelberger and Kenda ‘2° » Kabat and Heidelberger 2) and Pappenheimer (43 l 
One had to wait until the observed relationships were included with the calculated 
relationships for the ctttical degrees of advancement and maximum, since they corres- 


pond to the beginning and to the maximum of precipitation. The &greement has been 


very satisfactorye 

Te Ven vicia Mihia to ho wédssty adige wibtit rA 
the critical sone ean be attained. It gives unde 
zones of inhibition, imposed by the functional relationship but evidently depending 
also on the solubility of agrrerates. 

In approaching the regions of exeess antigen and excess antibody the 
aggregate becomes more and more small and finally becomes soluble. 

It ig then possible, in having recourse to a technique of electrophoresis 
or of ultracentrifugation to appreciate the concentration of free antigerls Stemming 
from that portion, Goldberg's distribution makes known the concentration of the other 
aggregates. singer and CazphellU) have studied in that namer the equilibrium 
between serum slightly ovelbumiy/iocinsta|snd the antibody of the rabbit prepared with 
non-iodinated protein, The proof had been done previously by ultrecentrifugstion 
and electrophoresis (53) that the antibody is largely bivalent. If the general 
relation’) is used which 4s simplified in this case, the expression of the concen 
tration of froe antigen (G) and of complexes (GA )and {GpA) is a function of the degree 
of advancement of the reaction pe Thus one has for (0) the expression (0), (1 - p)". 
It permits obtaining p from the value of (G) determine: by ascending eœ rho: ; 
from the valence (m= 6) of the antigen and its total concentration (G)4+ The value 
of p thus found is carried in the expression of (0A) and of 65A). From which finally 
is obtained a value of K for the reaction Q * GA . GA. 

The results obtained allow to appear a systematic diminution of K at the 
time when the antigen excess increases (55). The mean value is (10 + x 10° 1iter/nole 
for the reaction in veronal buffer st pH 0.5, uO.1 and 9?0, conditions under which 
electrophoresis was done. The variation of standard free energy corresponding is 
Sel + Osl, Keal, 

The theory of Goldberg presents the advantage of larger coherence over the 
preceding theories: it does not introduce any irreversible processes, it is valid for 
all the zones of action of precipitins It is desirable nevertheless that the reoition 
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be made between the values of equilibrium constants measured in the zone of excess 
antigen or which ean be calculated in the zone of equivalence. It is clear that the 
equal reactivity of all the groups is an extreme simplification. It is sufficient in 
order to convince ourselves to conceive of a molecule of ovalbumin already surrounded 
by 5 molecules of antibody. Moreover, the complete absence of cyclical structure 
has been without doubt vigorously realized. There can also be nonspecific association 
established between the molecules of antibody, 

Finally, for certain systems we conceive that their existd differences 
among the antigenic routes or between the two groups of antibody. Kenda13 9l? 
has given the example of diphtheria antitexing & studied by Pappenheimer and 
Robinson i5) anà by Pappenheimer, Tundgren and Williams), me antitoxins appeared 
to have Ay and Ap routes’ of unequal affinity. In treating these groups like the m group 
G of the toxin as independent molecules, we define an intrinsic constant K, corresponding 
to Ay: 





i (ay) 

1" (G),= Gay) GG), = Ga) = A) 

and a similar constant Ko for equilibrium with Age From these constants and the values 
Ao and G, of the antitexin and toxin present, we obtain the fraction x and y of groups 
Ay and A, combined and tie number xyA, of molecules of antitoxin with which the two 
groups have reacted. The toxin molecules which are found in the precipitate are those 
only which are combined with these xyA, molecules of antitoxine We can calculate 
their number, either by a deseription of equilibrium equation, or by an application of 
probability, By choosing for Kj and Ko the values ast 10° and 10", Kendall has attained 
excellent agreement with the experimental data. 


Ve Calarimetric Measurements 

A single direst calorimetric measurement has been effected on an antigen 
antibody systems 1t has been done by Boyd, Coni, Gregg, Kistiakousky and Roberts ^), 
o measurements Navo beon carried out on the henogyanin of Basyeon genseuletum 
blood and the corresponding antisera ef the horse, in the region of excess antibody, 
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'. where no precipitate is formed. In extrapolating the analysis of specific precipitates 


— — ûw —— — As the reaction proceeds, up 
to the point of near completion, but siisi can be reversed experimentally, the 
free energy is estimated at ~10 Keals it is a consequence of a variation of entropy 
of -100 Keal/degree. 

There is not a method of research to compare these results with those found, 
by other methods of approach for other systems. We have seen that the considerable 
differences are related over again in a series of isohemagzlutinins opposite a like 
agglutinogen, The variations of energy and entropy measured result from a summation 
of effect and can be interpreted only by comparison between suitably chosen systems. 
VI, Conclusions 

Resting completely on the limits of established fact, we directly conclude 
that the thermodynamic study of immunological reaction has already contributed results 
of great interest, We will sayy thatyeach time a systematic work has been xamimekxiom 
able to be underteken. Thus the comparison of free energy of combination in a series 
of haptenes permits first of all, the study of specificity on an atomic scale. The 
effect of these works supercedes i:munochem The same type of experimentation 
has been extended to the study of enzyme substrate complexes. It can be applied anywhere 
where one imposes the idea of a compleme iness of form in order to give meaning to 
eile tani 

From the same comparison of heats of entropy of reaction of isohenagrlutinins, 
there has been discovered on a molecular seale some new facts of general biological 
interest, for example, the formation of a hybrid proteins 

These two categories of research are performed either on the combination of 
haptene or normal antibody. For reasons which have already been pointed out, the 
determination of equilibrium constants are simplified in these two cases. But recent 
progress, theoretical and technical, have led to the opinion that the preeipitin reaction 
will also be the object of measurement in sufficient quantities so that significant 
results will resulte 
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Tentative Proposal for Statement. 
The scientists who worked on the atomic bomb are at present primarily 
interested in the possibility of avoiding an atomic arms race. However small ye. 7 ^ | 


the chance ad ght be that this can be successfully accomplished, they are anxious d ae 


been explored which might lead us away from such a — Primsrily A e. Ves 
was ron this point of view that many of us opposed the passage of the May~de | - 1 | 
Bill for the — of atomic energy. If our hopes should fail and if we wot 


involved into an atomic arms race, our present manufacturing methods’ will be 


very quickly out-dated and we would lose the arms race, if carried on over a 


five year period, unless we can induce our best scientists to take part in the 
i y e - 1 





research and development work on atomic energy. At the present time practi 
v C 
all scientists who were responsible for the success of the atomic bomb have left. 


at 


E E * 


that any of them will be willing to work under security regulations sinilar i — E" , 







the Manhattan Projeet or are in the poreess of leaving. It appears very 


those of the May-Johnson Bíll--that is, work under conditions under which — Nee Poa 
| telephones are listened to ; their letters are opened, reflections cast fh; ‘the e | 
vs | integrity on the ground that they have allowed, Secrets to leak outor t —— 
M 
NA 






be threatened by prosecution for violations of secur ity rules even though € 







AN 


did nothing more than talk without authorization to other members of the same | ; 


"AD 







project. Those who — that we will be at war within two years need not ec 


SM " 
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bern themselves with whether or not the scientists will feel that wey. can — 
on —— energy under some bill similar to the HMay-Johnson Bill. If war comes 1 i 

5 7 
within two years, atomic bombs will be wade by our present industrial installati me j 


um mG 


and this can be done without the help of any eminent scientists. Those — 


fear a long period of international stress rather than an émnediate war cannot b 
| i 

be deeply concerned about the danger of controlling atomic energy By sone ll a 

-keeps T, our best scientists from work on atomic energy. VEN 
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its General Advisory Board chose this time to provoke a high policy decision 


on the question of whether or not to d velop hydrogen bombs. That such ajdecision 
could not be arrived at perit, ub 


seoret, was VAN a foregone conclusion. 


A few private persons who had the advantage of advance knowledge were bound to raise 
ir 


` their voices / Senators and Congressmen could be expected to bath the apporbetiity: n 


LS its, ip radio A Dee digo. Pr Paso e OP EAR. to chine LL 


people it is M, o cane re We confronted with the questions: "Shall we 
fees «eL 
or mt we not build hydrogen bonb$" e large ma$s of the people are HHE inartic- 
Pete they cannot be expected to give the right answer to the wrong questione 
If, as time went on, the outlines of a possible overall settlement between 
Russia and the UeS. of the post-war issues had gradually become visible, if there had 
been some hopeful beginning of successful negotiations with Russia on a BKB broad 


pew Carn vs 


basis, then en confronted with the issue of choosing votinein perhaps 


not really satisfactory BRSEXK peace settlement and an all-out arms race 
^ | AIC | OMLET 1 
hydrogen bons), Ehen people, having undersi6od what an all-out arms race would involve 
and what the proferred post-war sett}ement would involve, Would have had a real choice 


and might have arrived, for better or for worse, at a reasoned decision. 


inadequacy of Public Discussion; 
D question of the hydrogen bomb was sprung on the American publio out of & 7 


clear sky. is is not the fault of the scientists. The great majority of scientists 
| 5 believed that the possibilities inherent in the dT bomb ought to be 


publicly knom, — Darome tion ofthis typo is kop KBER s secret) public discussioh 
of —— —— o based on f&lse premises, But scientists are not freo to 


use their judgement as to what ought to be and what xought not to be made public. They 
have to wait until some member of the Irscsnt stration, f. Sono Senator or Congressman 
mentions something in a speeach, says something over the radio or over TV, or until some 


one in authority deems it expedient to leak the information t Then the 


"wc 


<4 
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scientist heaves a sigh of relief and may attempt to make his ximx oloar in 
the public discussion which may at that time be already moving fullspeed dowh the 
wrong ZS tracke In the particular case of the hydrogen bomb, the first public 


statement was made by John Je McCloy, former Assistant Secretary of War, early 


in 1946, who related that scientists who worked on the atomic bomb during the war 
told him that, given two more years of the same effort that went into the making 

of the bomb during the war, bombs 1000 as powerful as the Nagasaki bomb would be 
produced. This statement was clear enoughk, but the scientists were rever quite 
sure whether they would or would not viol&te the seorecy XX rules if they disclosed 
that they believe that the former Assistant Secretary of War was neither a fool 

not a liar. Things became particularly difficult when Sumner Pike, of the Atomic 
Energy Commission, geree -spaceh iin whieh a threw doubt on McCloy's statement by 
referring to it and pointing out that two years had passed and T still did not 


ODay 
have bombs 1000 times as powerful as tho XAKAESKA Nagasaki one. 


—most peapte; xan, because it geve the impression that “she statements—ofMeGley—eand Ww 


LAXESA There is of a 
no contradiction between these statements, for McCloy prefaced his remarks by saying k 
"siven the same intensive effort that went into the making of the bomb during the war," 


nek Krak ' 
end the last four years certainly did not £gilfill-those requiremenos y No more was 


then heard about the oed vit oem um in public until it suddenly burst into the columns 


ttl: JI 
of various newspapers, slightly .im conflic d each — 
lágraGlett witi-beda bist /« in the main, Verious voices were raised, partly baesuze _ 
— 


the information diadlobé 


j 











of inside information, partly i 





and finally the President's decision was announced, 
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To the scientists who have lived in their thoughts with iurc Eng amc aris 
the hydrogen bomb 

for a number of years, xk does not mean what it means to the newspaper 
reader, who gets his information from reports coming out of Washington in 
the last few weeks. The Nagasaki bomb was primarily a threat to cities. The action 
of its blast was demonstrated during the war. Iti could be used in a more sinister 
way also, for the production of radio-activity, and since practically all major 
cities are located near water, and since in many cases the water is none too 
shallow, a i AX. Nagasaki type bomb dropped near the city in the water 
might flood the city with a radio-active spray, and destroy by this method larger 
areas than it would by blast. But the total amount of radio-activity produced 
by the Nagasaki type banbs is limited by the amount of plutonium that can be 
made available for such purposes. 

No one has so far exploded a hydrogen bomb, and therefore — can say 
for certain that a hydrogen bomb could be made to wrk, but for the scientists 
a hydrogen bomb symbolizes unlimited destruction. The amount of radioactivity 
that can be produced may not be subject to any of the limitations that apply 
to plutonium bombs. A number of hydrogen bombs rigged for the production of 
fixsimmnhia suitable radio-active elements detonated some where west of the 
American continent could produce enough radiosactivity to kill the inhabitants 
of the U.S. The radio-active elements produced would be carried by the westerly 
winds aceross the continent. By the time they reached the continent of Europe 
the radio-activity would have dropped to a level which may be tolerated. A 
number of hydrogen bombs detonated west of the Russian border could sweep Russia. 
It is not quite easy to adjust the radio-activity in such a manner as to destroy 
the inhabitants of one continent and by control have it be harmless to the inhab- 
itants of the rest of the world. Mae Mn reins żgass dose that may be 


spread around the earth and that may not cuase any visible effects to the inhabitants 


remain necessarily harmless. Above mtiyxmmrkainx a certain dose no one today 


"T 


knows what that dose is, a sufficient number of mutations is caused in the 
population that will remain latent until, — inbeignteians during future 
generations these will gradually begin to manifest themselves in the general 
deterioration of the human race. 

What General Staff entrusted with the sacred duty of winning the war 
in which it is engaged could we trust to pay due regard to this kind of effect 


on posterity? Posterity does not represent a threat of revolution to dictators b 


nor does it have a vote in a democracy. 





9 À country which wishes to put its 
faith in the hydrogen bomb could, if it is strong minded enough, dispense with all 
other measures of defense for it can pile up enough hydrogen bombs on its own 
territory to produce enough radio activity to kill life on the planet. ‘The 
government may sit back and fold its hands, and in case of agreesion just threaten 
to detonate its hydrogen bombs, and kill the agressor xmgwxk together with every- 
body else. This could even be considered as an ideal and cheap way of preserving 
the peace, if one could only be sure that the agressor would not call the bluff, 
and if one could be sure that the bluff when called would still remain a bluff, for 
those in command might feel that freedom is more important than life, and faced 
with the Xmzixx choice of msimg losing their freedom might prefer to destroy 

all life. We have not as yet quite reached this stage of madness, but just pre- 
cisely how far are we from it? A few years ago there was a confidential poll con- 
ducted among scientists on a number of issues. One of these concerned the hydrogen 
bomb. The question was phrased as follows; "Is it in the public interest to 
develop bombs which are considerably more powerful, or which can be used to 

create considerable larger emounts of radio activity than the Nagasaki bomb?" 

A rather impressive majority of those who answéred felt that it was not in the 


public interest to do so. The expression "is it in the public interest?" was 
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EZERXEX delibertaely chosen to be v&guoe, and Her was no attempt made to try to 
differentiate between the public interest m in the pure sense of the term, and 
the interest of the American people. As a matter of fact, is is doubtful that it 
is possible from a long range point of view to differentiate between these two. 
Naturally among the scientists there are deviations of Opinion, and we 
shall in particular distinguish two main areas which are relevant to the issue, 
end in which @pinions are dividede In order to disentangle what otherwise 
might lead to a very confused controversy, I shall try first to dispose of the 
first area of division, whishis important but not fundamental. There are scientists 
who believe that the possibility of peace with Russia has been adequately explored 
in the past, that Russia is essentially like Nazi Germany, out to conquer the worlf, 
that an overall agreement with Russia is not possible, end that the only thing 
that will deter Russia is a show of force. There are other scientists who do not 
believe that cooperation with Russia has failed, but are rather inclined to think 
that it has not been adequately tried. Whether or not such cooperation could be 
successfully established, if it were adequately tried, hardly anyone ventures to 
predict. — am inclined to the second view I shall in the following, in 
order to avoid a blurring of the main issue, adopt for the sake of argument the 
position taken by the first group, and base all the reasoning on these premisese 
RSEEAX Starting from that premise, there is then the abvious and straight- 
forward argument to say that if we don't build hydrogen bombs, and the Russians do, 
in the absence of any agreement which involves inspection, Russia can force us 
to surrended by threatening to use hydrogen bombs against us. 
if we have hydrogen bombs, so the argument runs, Russia might be deterred 
from agressive action. Since no one can say with certainty that Russia would in 
fact be deterred by our possession of hydrogen bombs, it it necessary if we wish to 
be honest to go one step further and to say expressly that if Russia should attack 


us in spite of our having hydrogen bombs, we shall use such bombs against here 


-6- 


Unless we are willing to say so, we have no casos 

I believe that most of the scientists who take this line of argument 
will, upon question, mkt sey that if it were merely a matter of a war for one 
nation against another, they would very much hesitate to go to the lengths of building 
hydrogen bombs to defend our national existencee But in this view such a war, if 
it came, would not be fought for the sake of preserving a nation's existence, it 
would be fought for the preservation of freedom in eache When this point is 
reached in the discussion, some of those who argue along the above lines will 
begin to waiver, for they realize that the point has been reached at which we 
have to re-examine the old values with which we grew upe Before the time of 
etomic energy a nation was praised for being willing to fight for iks freedom 
to the last man, but in those times the last man meant the last soldier, anà the 
freedom for which he died was the freedom of the civilian who survived. A scientist 
who is called upon to collaborate in developing a hudrogen bomb is not faced with 
the question of whether he is willing to sacrifice his om life for the freedom 
of others, but rather whether he is willing to sacrifice other people's tite 
lives -== masses of civilians, Americans and "foreigners" =-= for the preservation 
of his own freedom. These doubts are much more deep-seated and widespread than 
is commonly realized, even among those who are inclined to adopt the reasoning 
described above. And none of those who are beset by such doubts, whether ar 
not they consciously decide to collaborate in the development of hydrogen bombs, 
will be much good in it, except in as much as their work calls for routine 
computations rather than ingenuity and originalitye 

Having outlined one way of reasoning, we now turn to a very different 
azprapzhg apprbach to the general problem. Most scientists, like most people 
in this country, have no difficulty in agreeing that we cannot trust the Russianse 
But many of them ask themselves to what extent can we trust ourselves? As long 


as there is no war the UeSe is one of the most peace-loving countries. Only under 


-- s 


the skxmm greatest provocation has the UeSe entered in way with any country. 
But perhaps just because this country is so peace-loving, whenever it finds 
itself at war it is very anxious to return as soon as possible to peace». Before 
the last war kk fimerican public opinion was unanimous on the issue that warfare 
against the vivilian population of the cities Y$5an EEXEKXKRER abominable atrocitye 
American reaction to the burning of the Spanish city of Guernica by the Germans 
end the bombings of London left no doubt where the American people stood on this 
issuee But when America was at war jellied gas bombs burned and maimed millions 
of women and children in Japan and it took months before the American people 
learned about it, and when they did, they pretended not to notice. When the war 
was alreagy won and with no valid justification, two atomic banbs were dropped 
on Hiroshima end Nagasaki after a public proclamation naming 12 Japanesecities 
warning the inhabitants that they would be bombede The proclaimed list did not 
contain the mames of Hiroshima or Nagasaki. The decision to use the atomic bomb 
was a governmental decision, but those who lived through those days are very well 
aware of the fact that this decision would have been upheld by publie opinion. The 
obligations of restraint and moderation that a great power impresses upon a nation 
were not observed during the last wer by the UeSe , and it is not possible to 
justify kkmix these oxcosses Xx on the grounds that khexwax they were necessary 
to win the wer, but they may have been induced by an overwhelming desire to return 
as fast as possible to conditions of pe&ce.  Thás may or may not be a correct 
analysis, but the fact is that the atomic scientists were disappointed by this 
lack of restraint. They know very well that once they develop a weapon they 
have no appreciable influence on whether or not this weapon will be used. They 
also know from the experience of the last war that in war time in contrast with 
democracies 
other &Xxwx, such as England, the military xm pike’ & dixyporp disproportiongtely 
important role in influencing the governmental decisions, and therefore a military 


point of view will prevail stam relating to the paax postwar decisionse 
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Proposed Statement - February 27, 1950 


Before the last wer, little more than ten years ago, Americans regarded 
the indiscriminate bombing of cities, which inevitably results in casualties 
among women and children, as reprehensible. American PAX / d publio opinion 
on thås issue was firm, uncompromising, and unanimous, President Roosevelt 
Hura 
did no more than give expresskon to Ametieanm public opinion when, in 1939, he 
warned the belligerents in Europe against resorting to such a method of warfare. 
IP When the Germans attacked London with incendiary bombs and high explosives, 
condemnation of their action in this country w&s vigorous. 
Jle Æ 27 tt ——⸗ 
/*het the destruction of London might bring the war to an early end and therefore 
—— Ata Cte LI T o 


net CM 
in ms end — lives, both English and German, — à 
( Hha DAL. ae Ae A remm uU ue. 


pe —— of \weet we regarded as an — 
Ce 
When during the war egan to use jelly asoline bombs| against the 


Lies 
oitizons oe Japan fp Abell tute d) hoop tH Mang peo My 


0n killed — of civilians) there was nok public announcement ey 
t Lut tte Fes — — 
eis Gas: E we were about to do; there was no announcement &ttempting 
to justify on even — the kind of warfare which we were about to adopt. lan 
rany, when atomic bombs were £YZg/ aveilsble, two of thep, that is to say, 


all we had, were dpopped, one over, — end one over Nagasaki. thie, tide 
2 e PUTA 


Jo eroe the war we 8 — o£ we war againgt oivilians by means of 
strategic bonbing,|WS ke à 
CAE, ue, T 24- 


'irrong j e E t it might be e dient/during the war 
IM ase dtrli Gr utpote lilio ai eae gel d Erba, gh —— 


without pig i it might be morally wrong. 








Gn the post war period the Department of Defense, driven by the desire to find 
a counter-balencing factor to the overwhelmingly strong Russian land forces "e $5er 


seme-3ni5iel hesitebioy/ has made atomic bombs and strategic bombing in general 
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Proposed shite Statement -2- February 27, 1950 
Ha 
the basis of y defense plans, by which we will guide our, sctions in case 


\_ fe ee freee > ud F veu, 
of ware Thus the kind of warfare which we condemned before the war haw if 


2 come to regard d» ghosts as & legitimat t 
pee ‘Ame gitimate method of waging war, Sf=we 
IF SOUCY , 


Zf'believe( that it favors us rather than our potential enenies.Z7 
—— MEC E uw — ^ 25 | (toC Pru ty) A 
7X4 This shift from édripre wer pásitio& ropressBts & uepr) deterioration whioh 


tend Pme umo 
is £L ^g nore frightening Jesus CERES at which it is still 
progressings/tfe cannot very well blame the Germans for this moral deterioratione 
It is true that Germany started this kind of warfare, but the leaders of Germany 
were war criminals, who, if caught, were held responsible for their deeds, and 
tried at Nuremberg. The moral deterioration wannot be blamed on Germeny, for 
the moral standards of a society are determined not by the behaviour of the 
most abject of its members, but rather by the behaviour of those of its members 
to whom the others look for moral leadershipe 
On the occasion of the President's announcement that he had instructed the 

AEC to develop hydrogen bombs , (2x announcement which was not accompanied by 
an explanation of what hydrogen bombs will mean, why the development is justi- 
fied, or excusable) -- the growing uneasiness of scientists began to find public 
expression, This uneasiness is hardly confined to scientists, but scientists, 
since they are instrumental in developing pis weapons, find it more difficult 
then do other citizens to disclaim responsibility for the military policies 
and practices adopted by the govermente 

We consider it our duty at this time to warn the government against continuing 
on a course which an increasing number of our citizens consider as morally un- 


K 
fd y tot 
bau Brea doubt of the righteousness of our course, whether 


publicly expressed or not, is the source of dangerous weakness, in a democracy 


no less than under a tiotetershi, Sect eld sui) cand RN 
severe A 


LK Ie fe 
* i able, KS wish to make two proposals XXX which are 


/ 
inter-related. (1) 4 propose that the dd government declare without any further 
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YéYf Proposed Statement -$- Februery 27, 1950 


deley that the UeSe shall not engage in strategic bombing Bt Ee. either 
pore — 
atomic bombs or High explosives against any of the countries with who we 
are allied in the Atlentic Pact, in case any should be occupied by Russiag <--422, 
at) 19655 A67 lónc/ 6g the YeSe is $f attacked by means of atomic bombs which 
£^ 
may be manufactured with the borders of the country involved. 


2. We propose that the UeSe goverment enter into immediate consultation 


with the other members of the Atlantic Pact in order to obtain the approval 
shall not,e ex 





areia unless A ! : E 
REARIOAR that nation first uses strategic bombing against wither the 


UeSe or one of the other Atlantic Pact allies. If 
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When the President announced that he wants America to devélop 
the hgdrogen bomb no spkesman of the government explained ta Ae. 
RPI just what the hydrogen bomb represents. 


Yet this is something that the people must Know ,| and sass — 


the reggon,whyAT (am speakingito yofi/f.g-day. 


am going to say x er owe student majoring 
ys TROTTED ;00n the bas of’ published 


Wha 






in physics, 


ln 


information. 


If tt becomes possible to détonate practically unlimited 
amounts of heavy hydrogen , then hydrogen bombs can be used to release 


very large amounts of radioactive pois@ns in the air. 


I am not speaking here of the radioactivity which a hydrogen 
bomb will automatically produce in the local area in which it is 


détonated . 


I am rather speaking of the possibility of so rigging the 
poisons 
hydrogen bomb A to produce a much larger amount of radioactivetxyfin 


c 
the moment of explosion, SK v 
and dispersed by the winds 


A 


4 
, prt LW 
It would takéeVa ¢ number of arge 


bombs to kill , within the course of & féw years every human being on 


These poisons would be released in the air and would be Arr 





earth through radiactive dust/which would be generated at the moment of 


explosion and which would gradually settle everywhere. fo. 
— — ef — — 
Ld qu T A 
EC f^» | ee 444 —— 
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re might be some doubt whether the inhabitants of the southern 
hemisphere migh vive while the inhabitants of the northern 


hemisphere perish if the bom re détonated in the northern hemisphere 


rou. | 


Perhaps some of you will say that all this is just fine. 


and the bombs are not too large or nume 


Instead of spending many billions for defense, for the army, 


the navy and the airforce, we can now save all this expense , which 


is & growing burden on our ———— & burden which 









vs 


might sky rocket in the next 


thirt y five billion Te ee — 


is — jf ma cun — 
All we now have 72 it build up such bombs,\ and let the world 


; tee 
know that if any /conqueror reaches our shord, QE 


years to twenty five, thirty or even 





È- | N 
te—eir, we shall 4Up/our bombs and release radioactive , poisdéns 


which Will , in a fe& years at the most, wal kill them akbdng with —— | 


killing ourselves. * x 


Even though, from the fináncial point of view , this might be a 


far cheaper way of safeguarding our security than any other hitherto 
Lol ra d d E 


devised I cannot say that I am ontitaly happy, about it. 


isi the fate of the world hangs on the sanity e£ me Commander 


in ChiefÜ'tne Secretary of Defense, or the Chief of staffs, the fate 


of the world hangs on a thin thread. 
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You may ask "can't we jist spread radioactive poisonginto the — 
enough to kill all the Russians of can the Russians not kill us all by 


this method without danger to themselves ?" 


It would certainly take much fewer bombs or much smaller bombs 


3 


pol 


to produce radioactive petsems enough to cover either the area of 


ES 
Russia or the area of America | Mut ey aia aea AY ki 1 all the 


inhabitants. 


A 
But the problem is to get this petsen/into the area where fe Yare 
want it and to keep it away from the area where fem, tont want it ‚and 


LEE KAY 6y wkk I do not know whether this cus penta ee 


( 
, and I sort of suspect that no one at present knows whether it 64@p1b4 73, 


— the time being it is therefore permissble to hope that this 
K Kum ne eua leer — 
prbYyen is s fedme hough I glaf raida we cosas be too sure of it. 
What I am saying to you here,I am not saying in order to scare 


you "E am saying it WVMOU because I believe that you must know it / 


even though it might scare some of you. 


I am one of those who have not given up faith in the possibility 


of reaching an overall settlement with Russia . 


I believe that we must try to do that , and if we fail we must 
try it again , and if we fail again,/we must AAA try it until at last 


we may succeed. 





To those wkm of you/who have lost faith in the possibility of AA 


ar, a war which may come five, ten, fifteen or twenty years 


a 
hence, I have only one consolation to offer : ^ 
Lu bea ter Aga 


O — speaker on atomis bombs Said befare me, 


| situation Serious , periaps i , but — 


E t excited about . garter all, it is not as if the Sarth vere . 


major planet .< —— — 
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d 
Since it is difficult to/qualify remarks of this sort in tise Round Table 
aed o 





discussion, Il wish to take this opportunity ,/fOrth the following: 
P it becomes possible to detonate heavy hydrogen by suddenly heabing up a 


sufficiently large amount to a sufficiently high temperature so Xkzxk as to set 







yv 
athe "ehi oh, for the first tie in history,the finite size of the earth Aa bagoi 


an ET Khu. a be app 
up a self propogating thermo-nuclear reaction, then we will — ei , 


ing irri Wi —— then be possinid for the United States for instama 
— — 


to Inizio Wha fairly small number of very large bombs and to rig them so as to 


p^ word | 
produce radioactive substances which would be aicharsed/in the air and which | | 


would gradually settle as a dust all over the world. To make thÉsebomb(so large 


as to produce @nough radioactive substances to kill everyone en—the-tinrthern— 
Hemtspirere-or-even ev on the Bartyfrould require large — straal 
Pohoi enart 


V PTT 2) — fg reek 
verberpxiseydut one which à 


- States could then make known x — than suffer invasion or bombardment 


bor 
of eux/cities £ponithe wiF b wr ware Y ould detonate Vno bombs and kill 


the whole — of ths-ene p m as her own population, The United 
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the enemy that | threat would in fact be carried out. 








A 
The initial investment required for fWíkWwVyüevé defense based — 
bombs would be substantial, but once IA made, no further appreciable defence 


expenditure Would needd a to be incurred in contrast with the present situation ta 
c 
which in the coürse of/ten years our defence expenditure might skyrocket from 15 


to 25, 35, or even lj5 billion dollars . 
s. 
The trouble is, of course, that/ the decision to detonate the suicide bombs 


in 2 m contingency could hardly be left — “i if the enemy 


is to take the threat seriously. This decision wii—ef-nevessity/ have to be 





E the Commander in —— 1 or the Secretary of Rea e, or the Chief of 






> Aes e ^ e Deeg le Ararati ey 


Staff Ges fata o hangs on the decision of a single man or a small — 
group of mén, the fate of the world hangs on a thin thread, for no single man is ; 





immune from insanity in the —— of —— no small group of men 
is immune from insanity in the breader sense of the term. 

The initial investment required is determined both by the number of bombs 
and the amount of heavy hydrogen contained in the individual bombs.  Becausethe 
detomator of the bomb require substantial quantities of elements which are 
expensive to obtain--as has been pointed out by H. Thirring in l9lj6--it is of 
advantage to keep the number we bombs to a minimum and rather to use whenever Z 


⸗ — e 
possible large individual bombs. For the particular E 


atily 
hevef it is not necessary to have the bombs transported oy even though there are 


reasons why more than one bomb should be used, it is difficult to see that any 





— advantage would be gained by. sere ee the number of ae bove — 
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| sed can-be, estimated onthe following bests: 72% y 
g ee 7T d É 
. 4«,one ton of neutroms is absorbed by neutral element which is incorporated 
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in the Ion MM feach neutron gives rise to one radioactive atom which upon 
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decaying enits a gamma ray of 1 million volts of energy; a&i the radioactive 


e, 
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substance produced settles uniformly as a dust on the surface of. the Earthg 


(Og 
Geen Fi man standing on the surface of the Earth and exposed to the gama radia- cat 
p) Ze Ae LY / Spee. LA : > r n 
tio receive a dose of — during ich the radioactive idi 
> i pot- k bean * | NA 
substance decays. A dose of about 1d—theusand ft.given within a Deri og” of a month 





or so may be considered as lethal. @ritidesecroul¢ _tien—correspond-toso_many —_ 





years,/a ten times larger dose would be required to produce a lethal effect. 


This datg is somewhat uncertain, but all we are considering here are orders 
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In the first step of the reaction in which two heavy hydrogen atoms 
react with each other, about half of the reaction will lead to a neutron 
being emitted while the other half will lead to the emmission of a proton. 
Thus about ten tons of heavy hydrogen would have to be burned in this 
manner in order to produce one ton of neutrons. The subsequent reactions 
might increase the number of neutrons liberated. Not all the neutrons 
emitted in the explosion can be captured in the natural element which 
may be incorporated in the bomb nor need necessarily all the heavy hydrogen 
present in the bomb be burned in the explosion. Taking these things into 
consideration one might guess that the total amount of heavy hydrogen cone 
tained in the bombs necessary to produce the desired effect might be some- 
where between 500 tons and 5,000 tons. A closer estimate might perhaps 
be given but to do so would be neither easy nor permissible. Clearly the 
number of neutrons which can be usefully captured will depend on the 
absolute shape and measurements of the bomb and the fraction of the heavy 
hydrogen which wkkt is actually burned! in the bomb as well as the degree 


to which it is burned depends on the number of details. 


(p 


1# 
i 


Insert a 4 iae. pont 
a In order to burn any amount of heavy hydrogen, small or large, we must ) Béi 
A D M AAA ; 


Q (9b a muslear reaction, and this requires appreciable quantities of substances which 
are difficult to obtain and which ere therefore correspondingly expensive (see, 
for instence, Thirring). The cost of this nuclear detonator is of little importance 
if very large amounts of heavy Poa can be in us borb. But if the 


amount of hydrogen that can be burned in a bomb is small, then the peteteve- 
Ex e. ] — zum — e 
cost of the detonator is appreeiebles —* e eu Nem CC — ^ "s 
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Ihe only naturally occmrring Light element suspected oi bcing explosive 
is heavy hydrogen. For many years now, physicists have been pursued by the 
nightmare that it might be possible to detonate heavy hydrogen. If itis 
in fact possible to set le theraM{ nuclear reaction in heavy hydrogen (by 
suddenly heatinz up a Bufficiently large quantity of heavy hycrogen to 
sufficiently high temperatures and thus to "burn" in any one bomb an amount 


of heavy hydrogen which is unlimited in principle (Ana-isiimited—in-prectice 


only be-—the-stockpiles-of-hesvy hj ürogen—whieh—-heve-been 8Cccumulaáted-or— —- 


ày—constderettons-of-expediencyl then we might stand on the threshold of a 


new cages in the his tory of Dank ind. 






Because the President has — — structed the Atomic 
Energy Commission to proceed with the development of the hydorgen — it 


is now generally assumed that gur—experbs—must-believg there Ay reasonable 
t K — _ 


chance ee een ee 


— — 
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If thes! vy/gyx — — to be wrong, it might still perhaps be 


possible to burn limited amounts of heavy hydrogen in an atomic explosion e 
ee 
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or" Urstitutr-255-would.be- used-for-setting"off the"bombe-JSuch an Exgimxizn 


abortive development of the hydrogen bomb, while perhaps nM —nbirely witheut- Z7 
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eral interest, 


— — Pent A ptc. — 
gunn tii wif nae : 


n Men db heavy * ‘drogen can be detonated, the total amount 
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of heavy hydrogen that a country like the United Stetes er hussia might Crh 4, 


- * 
make available over a period of ten years for this purpose could be very Pale a Ce 


large indeed. is country could accumulate without any substantial strain Af f 


ar > there Ut pf e 


on &"$r economy say 10,000 










would be no limit on the faw materials yequdmed/ which sre essentially water p a 
9 7 
and coal even though the initial investment would be quite substantial, here i AN 
- 
might be some iimitatior, Y gaze {ðn the number oi bombs that ) 
di ' 


either of these countries couldfnake since each bomb require a substantial 





ee 
quantity of plutonium or Uranium 225 (see Theiring). Bwtxieixmz Because of 


dee 
the possibility of limitations, iet us assume that the total quantity 
10Q ə 
such hydrogen bombs will be about — — — i19 000 
* Men ea ihe weg, eh, 


of heavy hydrogen ver tĦHSse L100 bombs so that each one "at f inen OLE 








Sa P OR í 
conteins about l00 tons ef—heevy—hydregen, ch bombs méme e * 

* 
beig to (deliver Ay air to targets in enemy territory «e pesn 
there herdly exists any targets that would require such very Rage bombs. 


The question then may be asked, is there any use for such large bombs 


which are no longer transportable? It app kely that “the United States 


~ 
e in the colrse gf the Rt 


iul ting gach & initial quantity of héavy hydr- gen 






ssia might make themselves invines 







There might very well be such a use and as a matter of fact, it appears 
possible that efer the United tatei a oria might make themselves 
invincible in the course of the next ten or fifteen years by accumulating 
such a large quantity of heavy hydrogen in a comparatively small number of 
bombs. 

—7iun-erder ie—undercstsnd this, we heve to point -out-that fthis possibility 
is based on the following facts. A very large number of neutrons are Liberated 
in the moment of explosion aif a hydrogen bomb is detonated. Most natural 
elements are fornas into a radio active element if they absorb neutrons and 
by incorporating a suiiable natural element into the hydrogen bomb so as to 
permit it to absorb the neutrons liberated in the moment of explosion, very 
large quantities of radio active substances ae If the hydrogen 
bomb is so rigged as to produce a long-lived radio active element and if the 


47) , 
radio ective kXBXEERX substances which ere produced in the explosion are “O 


¢ 
e 
permitted to rise in the stonos;here, bey Will be generally dispersed Ly 
winds and graduslly reach the upper pert oi the «tmosphere everywhere, just 


as did the dust from the Uractoa eruption. If the Cractoa pettern is followed 











e `- 25 
this dust would settle down in the course oi one or two yesrs covering the 
crust of the earth fairly uniformly in a thin layer. People everywhere then 
fete ae 
would be exposed to the eppe radiation of this dust end in the course 
oi « few years, recieve a radio active dose which is lethal. 

If the United Ststes, for instance, built s sufficient number of such 
bombs end would iet the world know that rather than allow the bombing of her 
cities or inversion, if necessary she would detonate her suicide bombs, 

lta. 
killing all the population of berg’ enemy together with her own population. 
The United Stetes would be invincible provided oniy thet she cen persuade 


the enemy that the threat will in fact be carried out. 


e 


ae 


Jj? From the financiel point of view, this method of defense, fn spite of 
the initial espenditure involved, mgith well gwrepresent a considerable easing 


rte f~ | i asd 

oi her economic burden, e us the next ten or fifteen years our expenditures 
eae t 

for the army, n vy, air forces, eny ivi Lion defense might very well sky 


rocket from 15 to 25, 85, or even 45 billion dollersy/A-, yes è 
, 3 fpr Ec 
N ORA it is difficult to get enthusiastic about this eemperettveiy 
EF 


Le i method of defense for cleerly in order to make the trheat effective 


it would be necessary to place the decision of detonating these bombs in the 
hands of a smail group of people if not e single man. Any single man might 
be inflicted with insanity in the narrow sense of the word, and any group 

of men might be inflicted with insanity in the —— of the word. Thus 
when the fate of ine world wili hang on the sanity of a iew men, the fate of 
the world will hand on a think thread. 

Yet, it must be said that defense by suicide bombs is by no means the 
most repugnant form of radio active warfare th t might become possible. In 
an article written three years ago, frotas eire arera a different 
method oi radio active warfare which is far more repulsive eand which, through 
not envisaging suicide, might nevertheless prove to be nol less suicidal. 

Dr. Teller's article appesrs in the bulletin of the Atomic Scientists, pages 35-36, 
Volume III, February, 1947, anc was cleared prior to publication with the 


Atomic Energy vommission. Dre Teller wrote: 


4. 

"In a subject as new as atomic power, we must be prepered for startling 
developments. It has been repeatedly stated thet future bombs mey easily 
Surpas those used in the last war bg a factor of a thousand. I share this 
belief...The radioactivity produced by the bikini bombs was detected within 
ebout one week in the United States. In the meantime the westerly winds 
hed swept the air mass from bikini to this country...If the activity liberated 
at bikini were multiplied by a factor of e hundred thousend or a million, 
and if it were to be released off our Pacific Coast, the whole oi the 
United States woula be endangered. That the enormous amounts of activity 
just mentioned can in actuality be released at some future date is by no 
means an eStabiished fact; but it is much more than a fantastic possibility. 
If such greet quantities of activity should become gvaibsble, an enemy could 
make life hard or even impossible for us without delivering a single bomb 
into our territory #@¢., It is to be noted thet different radioactive products 
have different rates of decay. the attacker is therefore in a position to 
choose the radio ective products best suited to his attack; with the proper 
choice he could ensure thst his victim would be seriousiy damaged by them 
and that they would have decayed by the time they reached his own country. 
Naturally this is not easy, but under the circumstances, within the realm 


of possibility." 


De 

The possibility of the type of radio active warfare described by Teller 
hinges on the outset on a number of questions which sre not ss yet available 
to the public end which sre probably known to ngóne. As the radio active 
substances produced in the explosion is allowed to escepe high in the stratosphere, 
it might travel several times sround the earth and decay without harming 
anyone before it will appear in the sx atmosphere from where it might effect 
the populetion. Can the bulk of the radio active substances be prevented 
from rising to the stratosphere without having the bulk of the radio active 
substances percipitating out in a spotty manner unsuited to the type of 
warfare described by Teller. All these are difficult questions to answer. 
ihe one factor which favors this methoa of warfare though, is the fact that 
the amount of adio active substances that would have to be generated and 
the individual effort that would be required to produce that amount of heavy 
hydorgen would be very much smaller than in the case of the defense based 
on "murder and suicide" bombs. 

The radio active warfare which Teller describes, if it is feasible, may 
prove to be just as suicidal as the defense based on murder and suicde for 
presumably, what we can do to our enemy, our enemy can do to us. And with 
preveiling secrecyx the increasing tendency of overestimeting ourselves and 
underestimating our enemies, the radio active warfare thet two nations 
plan against each other might easily turn out a pos tioti as suicide even 
though it was planned only as murder. 

For a man who is exposed to gamma radiation iven within a short period 
of time, a dose of 1,000 r may be assumed to be lethal. If the cose ig 
given over a period of years, a larger dose is needed to kill, just precisely 
how much is not known. For the purposes of this discussion, it is assumed 
that & dose oí the order of megnitude of 10,000 r is lethal if given over a 
period of years. If a number of hydrogen bombs are exploded and of the 


neutrons liberated, 50 tons are in toto absorbed in cobalt so tbat they 


6. 
produce radio active cobalt and if this radio active cobalt is unifornly 
dispursed over the surface of the earth « man exposed to the gamma radiation 
of this dust would in toto receive a dose of the order of 10,000 r by the 
time the cobalt decays. Fifty tons of REXXYKXHYHYZXXERXAEXNHAXXXKXENXKRHXiR 
ikExExpiaxim neutrons correspond to 500 tons of heavy hydrogen actually 
burned in the explosion. Since not all neutrons produced in the explosion 
will ectually be absorbed in the cobalt incorporated in the bombs, and since 
not all the heavy hydrogen in the bonibs will actually be burned, and since 
moreover a somewhat larger dose might be necessary to kill, particularly 
since if it will be made to remove the cobalt dust from the surface of the 
earth, we heve in estimating the economic effort involved assumed Lom 
accumulation of 10,000 rather than of 500 tons of heavy hydrogen, ek the 
beligerent who wants to base his defense of murder and suicide. We are not 
perticuiarly concerned at this time with trying to decide whether or not 


this type of defense is in fact practicable and we have gone into such 


details only in order to demonstrate that we are now rapidly approaching 
a stege of development when the imi thee (oF the earth mes relevant and 


the method of resolving confiicts by relying on superior strength that will 


permit a nation if necessary to fight a victorious war will not longer be 
applicable “N This development which started with the demonstration oi atomic 
bombs at the end of the last war has been going on ever since and as it 
x — — — 

progresses it shifts the basis on which a reasonsble foreign policy hee 
beer based. 

In the absence of an overall agreement between America end ñussiea and 
even in the sbsence of an agreement dealing with disarmament in general, if 


an agreement is limited to atomic en rey then international menegement of domic 






energy hes the advantage of permitting ‘Yo get by without introducing general 
measures of inspection or opening up other\chenels of obtaining information 


in general. In 1945, it was probebly true t internstional management of 


% 
atomic energy would heve given us ves good saáfequards sgsinst evaesion of the 
agreement and perhaps sen internstionsl mansgerent was not even necessary for 
that purpose. For in 1945, Russia nea no bombs and even if Russis had 
| legitimate 

managed to divert ome plutonium or niani <é5 from its xkmixea uses into 
clandestine chennels, she could hardly have tested an atomic bomb without 
our discovering it seeing that we have in fact discovered the first Russian 
bomb test without any measures of inspection. 

Today it seems thet it is very unlikely that international control 
oi etomic energy will be acceptable either to Russia or America except 
if it is accompanied by far reaching measures of general disarmament and 
it is equally unlikely that fer reaching) measures of general disarmament 
Will be acceptable without en overall agreement which appeers to heve a 
reasonable degree of stability. — if the egreement extends beyond 
the control of atomic energy smdxihe into the general field of all armaments, 
and if it is considered equally important to control lone range rockets, 
long renge bombers, and long range Submarines, as it is to control the 
raw meteriels of atomic bombs, then the acceptance of international 
management in the field of atomic energy will no longer heve the advantage 
of permitting us to get by without opening up new channels of general 
information. That Russia will be reluctant to expose herself to inspection 
and espionege will be taken for granted and in the present conditions she 
may h ve valid reasons for this reluctance. It will therefore be necessary 
to examine under what conditions Russis would cease to h ve such valid 
reasons and can such conditions be crested. 

If such conditions can be created, then the issue of internetional 
management and perhaps even the issue of inspection in the narrow sense 
ol the term will lose its importance. It is not likely that any of the 
make shift measures proposed for the iterna tional control of atomic energy 


and disarmament would offer us sufficient saf operis under conditions of a 


8. 
| 
cola war. The state in which e ought to be interested is the state of 
whet you may call total pesce, and if we can't have total peace, an issue 
that will be examined leter, the technica! problems of inspection disappear. 
In total peace there is no Legitimate reason for maintaining an espionage 
| 
accouna or an official secret account and with the legsl protection for 
| 
secrecy gone, spying become a legitimate and honorable profession., When 
the stage is reached thst an overall settlenent has been eggred upon and 


the technical issue arises mmg how either Russia or the United State can 


learn whether the agreement is adhered to, wheat Russie and the United States 
\ 


ought to insist on is the right to neintain Spies and the immunity of spies 


from persecution. Without some such m there can be no Safety. 


\ 
| 


9. 

In 1945 it was probebly correct to think that international menagement 
of atomic energy had great edvantseges over other methods of control schemes 
for as iong as one thinks of an agreement thet is limited to this particuler 
fieid and which does not cover the general field of armaments, international 
management would permit us to get by with a minimum amount of general inspection. 
At a time, however, when it is rather obvious thet we must think of control 
of -tomic energy as part of an overall settlement to which Russie and America 
might be a party, international management of atomic energy can hardly any 
longer pppear as a particulerly att active possibility. In place of trying 
to approach the problem cf establishing dursble pesce by; thinking of 
approaching such se peace by piecemeal agreements, we ought rather to look 
at the problem with which we are faced by starting from the other end,that is 


we have to ask ourselves what woulg total peace involve and having arrived 


rd 


at an answer, see how the particular problem of atomic energy control would 





fit into its overall framework. In thinking about the solution of this 
problem, it is necessary first of all to agree on certein premises. 


ly While peace efter the First World War could very well have been based 


‘on collective security, the principle of collective security is not adeguate 


for the préservation of pesce in the situation which has now arisen. 
Because oi tbe mechanism of war, only those countries are and will be impor- 
tent militsry powers which can have a wig EET ANE O their totel production 
and totel consumption. This margin is wide for the United States because 
the production capacity of the United States fer exceeds its comsumption 
needs. This margin is lerge for Russia because the people in Sussia are acustomed 
to and willing to take s low standard of living. With the possible exception 
for a. PF n Fe 
of a united Germany, there is no other nation which this would hold trae) and Heka, y 
therefore Russia and America are today and will remain in the forseeable 
future, powers thet cannot be coerced by collective af@tion short of war, 
nor could collective action by war against either of them lead fa forseeable 


period of time to victory. 


10 
Once this is recognized, it is clear that if we can have en overall 
| wl muaa jh 

settlement between Russia and Åmerica at all, it —— Ahforcef only if it 
does not run counter s: any time to the vital interests of Americe and 
Russia snd ií eemtinuous will be maintained in the world in which it 
remains in the continui. interest of Russia and American to maintain the 
agreement in Aoa aen) in the gankinuukxion condition which exists 
today, it is very difficult to conceive of any international body to which 
both countries could (trust the right to adjudicate grievences which might 
arise out of the implementation of the agreement. It is therefore logical 
to think that the United States and Russia should pergen the right legally 
to abrogate in self defense if they feel their vital interests sre threatened 
because the agreement is not properly implemented. The right to abrogate 
is the only weapon which Russia and the United States ur AME" 
that would enable them efiectly to press for a remedy oi a complaint arising 
out of the Sees of the agreement. The right to abrogate herz, of 


Aena e LC treso Taal 
course, — —— «ut-it-- 


detta yn ihe gst nay 
Govers-such-areas as stomic energy/disarmament one ich — 
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Because of we distrust, rivalry, and those elements of th 
power conflict which cannot be entirely ee M the period of the 
cold war, it would be advisable to rely as the sole force oí working 
toward mainteining the agreement on the fear of the conse uences of the 
resumption of the arms rece which would follow an abrogation. It will rather 
be necessary lo create conditions in which the agreement is maintained ig 

not so much by the feer of the consequences of abrogation as rather by the 


economic and socigt celleedive nsentives which a continuation of an agreement 


offers, 


ae E 5 SiS A ‘wom — will Gouna cated one weeks after. its. | 
Y31-.275 2 7 — s ance in print. Because of their scientific achievement, + 
these men have the respect of the community of scientists 
which extends beyond the confines of the United States,'* | 
4 each one of them has shown in the past thet-Hete 
to take action outside of the narrow field of his 
“profession if this is demanded by the public interest. 
The names have been selected with a view to obtaining a 
balanced group which is broadly representative of the 
eee of scientists in ——— 











— — distribution of power between the United States and the Soviet 


(. issues remain unsettled, _I also know that, in view of the present and — 
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September 5, 1950 


be sent to a number of scientists whose names are listed in the enclosure. 


Because of their scientific achievement, the names of these men are known Y 

beyond the confines of the United States, and each one of them has shown 

in the past that he is willing to take action nm narrow field of 

his profession if this is required by the public interest. i£ believe that 

Hans J. Morganthau, of the Department of Political Science at the University N 
Y 
c 
ER 


of Chicago, has express what many scientists feel when he wrote in the May 


issue of the Bulletin of the Atomic Scientists as follows: 






Weel do not know whether a negotiated settlement with the Soviet 
Union is possible. I do know, however, that no such attempt at a negotiated 
settlement has been made; instead we have wasted our time with polemics over 


isolated secondary issues which must remain insoluble as long as the basic 


— — 


Union, the choice before the world is between negotiated settlement ard 

war, that is, and versal destruction. I finally know that no nation can 
survive the ordeal of a third world war, if it can survive it at all, without 
being convinced in its lective conscience that it has done evening 
humanly possible to preserve peace. It is for these reasons that I deem it 
worth while and even imperative to consider seriously the possibility of a 
negotiated settlement with the Soviet Union," 


What is the proper time to start negotiations with Russia aimed at com- 






prehensive settleme 
Wilkie was of the opinion that the proper time for negotiating a settlement 


with Russia was during the war, before Russia and America lost their common 
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rec that he was right and that me if reaching a 

satisfactory agreement with Russia is possible at all, with every year that 
i 

is allowed to elapse it will be nhs) and more difficult Meno Ane o 





SCS Neparétment!s pes ttilon wet? res spe S f issue Š Doer 
; xus oublie. thro gh the "o5emen ua - — ed Kotor CASS On ——eD d 
nd yo » The State Department appears to think 





* that as time goes on our strength in certain important areas of the world 
will increase and with it will increase our chance to reach a satisfactory 
over-all settlement with Russia, In the meantime, according to the State 

— Department, all we are etur thes Russia behaveg /gll the Russians have to do 

à is abide by the United Nations Charter and all will be well; all the American 

— people have to do is be patient and stand firm, 


I know very few scientists to whom this makes any sense, 


. 
| EY 


Suppose the Russians do behave and suppose they do abide by the United 


Nation!s Charter, there is nothing in the Charter from preventing them from 
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building up enormous strength in atomic weapons and to developing means of 

delivering atomic bombs first to any point in Western Europe and later to 

paeJeoastal cities of the United States. By doing SO, Es Sonde ae di 
dy : ollow the example which we have been setting them, > 
Ae ‘Yet his will inevitably have the result that more arid more Americans 


ENS - Not 
EM. > will think in terms of E E Wak Xx a preventative war right now 





perhaps, but rather a "show down" when we shall be good and ready. More and 

more men in high pos? — in our government will be thinking in these terms el 
: i aad en if they do not make any public statements ews will not remain 

; a secret for long; and whatever everybody in Washington knows, the Russians 


may be assumed to know also. 7 h i t jsqia 





The policy of the State 
j BS A 

Department is based on the premise that it is possible ewer-a—leng-period— 

efte Yd o on without an over-all settlement and in the diis fid the 


line and build up our strength. In my opinign, this premise i& false, . —— 
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f. my opinion this premise is false. The American people cannot be expected to be 
patient Wc The State Department is not able to control the public 
utterances of high official of the Department of Defense and even less to guide 
their private thoughts which are just as important as their public utterances. 


the Russians will respond 


YUrt — 
of making H-bombs or any other measure under taken for the purpose of strengthening 
"LA. 
our military SositipmWd ih Some action of their own e State Bepartibnt 


e one of our actions, whether it is a decision 





V 





cannot be expected/to sea j y ffcounter" in advance, át will be necessary 
to improvise and one single mistake RA. enough to bring on war, 


I do not mean to say that the government of the United States ought to 







enter into negotiations with — at this time. It is BoubLfol Heber 
" Such negotiations could produce any useful mexxxx& result if they were entered 
| into without a clear concept as to precisely what would constitute a ey ec 
aee : settlement that might bria up durable peace¥ e s n esa m at | 
| the State Department Wed clear concept of this and in any case the — 
complete absence jn the past of any public discussion of the issue would make 
` the task of the State Jena tiak ery difficult, P NE 
X | 
A group of outstanding American citizens, free — any governmental 
Drs AibAI EY and devoting their full time from three to six months to this 
task might think through the problems involved ani might emerge with a plan 
which in their opinion ought to be acceptable both to Russia and America. It is 
however, difficult for American citizens to take into account all bhe points of 
view which might legitimately enter into the considerations of the Russian 
‘goverment, The danger of overlooking an important point would be UE: 
greatly diminished if the group engaged in such study were composed of both 


A —— 
Brae Wile and AET, thout in any way cersting“either of the two governmentSe 


y 





Perhaps the only way of finding out what kind of an over-all settlement 
might be a real possibility is to have an exchange of views between Americans 
and Russians. And because an exchange of views is — only if views are 
exchanged between men who have mutual respect for each other's satel bestest 
integrity, the plan outlined in the enclosure would appear at this time to be 
a gt more promising venture than xk would actual negotiations between the 
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two gove E LN 
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I have the honor of transmitting to you a copy of a letter which will 
be sent to seventeen American scientists whose names are listed in the 


enclosure. 


J. Morgenthau, of the Department of Political Science | 











at the WuiYereiüy of Chicago, hasye atf many scientists feel when he 
wrote in the May issue of the. Bulletin of the Atomic Scientists as follows: 
"...I do not know whether a negotiated settlement with the Soviet Union is | 
possible. I do know, however, that no such attempt at a negotiated sitta 
has been made; instead we — wasted our time with polemics over isolated E 
Secondary issues which must remain insoluble as long as the basic Tapies eea OE 
unsettled. I also know that, in view of the present and foreseeable distribu- — 
tion of power between the Uii ted States and the soviet Union, the choice E 
before the world | is between negotiated settlement and war, that is, universal 
destruction. I finally know that no nation can survive the — of a third 
world war, if it can survive it at all, without Pedir coined in its collec- Our 
tive — that it has done everything humanly tonsille to preserve E | 
peace. It is for these reasons that I deem it worth while and even imperative 
= A Geri dante the possibility of a negotiated settlement with the 


Soviet Union," ed PM 
| 0} UD . 
What is the proper time to start negotiations with Russia aimed at [com- i A 
— prehensive settlement? Wilkie was of the opinion that the proper time for 


| s 
negotiating a settlement with Russia was during the war, before Russia and 


Mary\ ff believe that 





America lost their common enemy. 





was right and 
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I do not mean to say that the government of the United States ought to 
enter into negotiations with Russia at this time. It is doubtful whether such 


nte nnn. M fs kitet 
negotiations could produce any useful resul if they were entered into without 


? 
a clear concept — what would constitute a satisfactory settlement » 


fu. There is no evidence to show that the State 3 
fee a 

Department has a clear concept of this and in any case | x 
ef sa 4 | | <3 

absence ublic discussion of the/issuefwould make the task : 1 


| eee p 


of the State Department very anen iA fluo 
















To ooi a cutisfactery settlement that might be acceptable both to 

as well as to All OTheY nations in volved, — 

Russia and iR clearly a difficult task. For a settlement to be satisfactory = 
Ud Wi tle woy ld ind vce | * 

it would. have to create conditions imewhteh both America and Russia cewld-be. 


e cad ena at 
'exmemhed— Lo. PEh to s e agreement in operation over a long period of 
time. Such an agreement would have to snotudeFenorat Gabures of) disarmament 
Pra vi de 


whieh-are far-reaching in scope, and offer adequate safeguards against violations. 
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While Russia and jarioa might retain undez-oueh-an-agzeenent the right Á 
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legally to abrogate the disarmament — a t e > agreement, — —— 
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and, therefore, the creation of some machinery of E 
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enforcement mebi Hg deemed to be necessary e J — — — J 
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here are me-doubnilmee-on-yeur—staff who/think it is impossible n 

i d 

a satisfactory agreement along such lines or any other li which Russia 4 

could conceivably accept. * SORA Prom 56—be—rizht. But (suas because 1 

Gy àre not-&ble—be-éevise—sueh-en-efreeuendj$-iZ does not mean that such an ` 

| 

agreement may not be deviséd if we succeed in enctigting the help ofpfen who d 
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have shown Selves to be resourceful in other fields and-whose imagination aa) 


eft unshackled. 





Poland. Thus the Germans have something to fight ior much more than co the French, 





October 17, 1950 
Dean Acheson gave a clear exposition of the foreign policy of the United 


States in the stetement which he issued to the press on Februery 8. Since that 


de iore ean be dott — our foreign noli) is. We are not going to seek 

an over-all settlement with Russie, but we are going to try to create situations 
of strength in a number of different areas, and having created such a situation, 
we are going to attempt to perpetuate it by getting Russians formally to recognize 
ie (fo all the — involved, the most important is Europe, and it seems xk 

to be now generally recognized in the United Stetes that it will be possible to 
create such a situetion of strength in Western Europe without rearming Germany 

to meke Western Europe a reliable stronghold. It might take full-scale rearmament 
of Germany both because of the great industrial potential of Germany and 

because Germany was a nation is more military than Brence, we will probably as 
time goes on rely more and more on Germany and less and less on France for the 
defense of Western Europe. A Germey rearmed cannot be a — Im a well 


of its own. The obvious national aims of Germany must be representetive of what 


party is in power after Germany has recovered the territory which she lost to 


and if so once they can be expected to carry their own burden. If Russia is à 
defeated, we can hardly expect American to police that enormous country, but | 
the olds can be relied on to do this. Thus the end result of the war if zx 
SNNT optimistically there will be a short war over in a few years 
there will be a short war over in a few years will be a situation which we could 
have had for the asking in 1939 without having to pay Second World wars 
for it. In order to creat a situation of — in Western Europe, we have 
embarked on a remarmament program on a scale involved in Spending $300 million 
dollars per year, and we plan to maintain a stending army of three million men. 
As far as manpower is concerned, such an ery cannot be maintained on our 


"income", for a draft of the 18 year olds is insufficient to fit it and it will 


be necessary, of course, for us (to dig into our manpower capitel since it doesn't 
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appear likely at all. Even if you assume that the United Stetes can afford both 
from the economic point of view and from the point of views of its manpower a 
perpetual preparedness, it appears doubtful that the people of the United States 
will reconcile themselves to such a stete of affairs. It is therefore not 
astonishing that more and. more people will talk privately of the possibility of 
a preventstive war and that some of these men like Mr. Matthews, secretary of 
the Navy, will talk publicly about it. The — Dep rtment, of course, frowns 
on such public utterances, and I believe is sincere in doing so. The trouble, 
however, is that mns make sense on the assumption that we sre going to 
war within a few short years and th t they make no sense unless this is what 

— the in 
we intend to do. / The Steate Department may, of course, think that aś pressent 
policy of SkoRiinr situatloHg of strength need not be pushed through tkkeir 
anixdeficiensivexamixtheixxmmtentisixean to the bitter end and that smmewhere 
before then we will have created enough strength to have Russis sign on the 
dotted line, but no one who really understands the situation as it exists today 
in the world and who is able to think through zkxzax to the — of this 
appraoch can believe that the method attempted can lead to the establishment 


of real peace. If we had to deal here with the negotiations between two private 


parties, one might very well say that a party who is in the strong position when 


it comes to concluding an egreement will be able to obtain a more favorable agree- 


ment. This makes sense LOCARE once an egreement is signed it cannot be abrogated 
since an agreement between private parties can be brought into court and the party 
who violates it can be if not forced to keep the agreement at least be held 
financially responsible for the damage, | 1 is likely that we will have within 

the forseeable period a situation in the world where & treaty between the 

United Stetes end Russia can be enforced. It seems likely that after the first 
world war a system of collective security could have been established and would 
have prevented the outbreak of the Second World Wer. But in these last 30 years, 


4 
the situation has changed materially in this respectg Beceuse war has become so 


highly mechanized. Only those few countries can respect an appreciable 5 













who can have a large margin between their nation's production and national 
in this class because itsix highix production standard permits a high standard 
in this category because its people are "willing to except a low standard of 


| .reconBtituted Germany in the grips of. a strom — 


Ev TS its manufacturing facil iiti es econo eractre may ated fall ite this 
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consumption which can be left over for war production. The United States is 


of Hm and — leaves a sufficientxx margin for war —— Russia is 
such 


living that a substantial margin is left for war production. It might be a. 
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category and so might Japan. But that's the end of it. It is clear thet no 
system of collective security can be built in this situation upon which the 
Er could rely to enforce a str obligation either against Russia or 


against the United States. It follows, therefore, that an over-all —— 


between the United States end Germany wilt be of value only 
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E re b | " October 18, 1950 

pow Dean Acheson gave a cłear exposition of the foreign policy of the United © 
States in a statement which he issued to the press on February af nas Statement 

ies leaves no doubt whatsoever as —— his foreign 96146; is] He is im not going 

| to seek an over-all settlement with hussia bat intends wr to create situations 


HE of strength in a number of different areas and having created such situations 
- e : 


attempt to perpetuate them by getting Russia formelly to recognize them. 


KIR | When this ststement of policy was issued, it was not as clear what the 

oe pursuit of the policy would involve as it is today. — 

Qu bw Today it seems to be — recognized in the United States that itm. OW 
| not be possible to create such & situation of strength in faten Eo 


most important of all the areas raei em M rearming Germany. In order 
to make Western Europe militarily secure to the point where we can rely on 
Western Europe as a base of military operations in case of war, full — 
rearmament of Germany will probably be necessary. Because Germany was a — 


is more militant than is France, it is Hen that astime goes ons we will 





Western Europe. 
AE IT capte ii di ne | 


A Germany poussed cannot be a nation without a will of its ow. A Germany 





united and witha its territories that were taken by Poland restored are Lege imus 
aims laf». national aspiration on which all damani, ATAT E of party, can be 058 


— to be united. The Germans will have something to fight for much more $0 M 





than the French and once their — are reton ieii tai A. can be e es 
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November 7, 1950 

The trouble with this kind of thinking is that it tries to apply the 
remedies of the past to the ills of the present. It is probably true that 
collective security could have prevented the second world war hed the principle 
of collective security been understood and supported by the people of the United 
Stetes in 1919. But it is not true that the problem which the world faces today 
can be solved on the basis of organizing a system of collective security of 
building up a situation of strength that will induce Russia to egree to some 
over-all settlement which is favorable to us and then rely on collective security 
for the enforcement of that treaty. Clearly if enforcing a treaty may require 
a world war which may last for twenty or thirty years and the outcome of which 
is uncertain, using the term of enforcement is either misleading or decbiving. 
And clearly if an over-all settlement which is signed among others by the 


United States and Russia is illegally abrogated either by the United States 





or hussia, there is no possibility 

of enforcing compliance with the treaty short of such a world war which the 
treaty was intended to prevent. It is not likely that this situation should 
cange within one generation or two. For the change which came in the methods 
of warfare since the first world war have made the principle of collective 
security impractical. What has happened since the first world war is that 
mechanization of armies reached a level which makes it impessible for most 
countries to maintain or create an armed force that is militarily significant 
compared with the armed forces of the United States and Russia. A possible 
exception ought to be made perhaps for a reconstructed and remiliterized Germeny. 
Clearly because of the high level of mechanization, mahntaining armed forces of 
@ Significant strength has become exceedinly expensive and only those countries 
can efford such armed forces which have a great margin between their industrial 
production and their civilian comsumption. The United States has a large 
margin because it is so rich, and Russia has a large margin because the 


standard of living of its cililian population can be kept low. A reconstructed 


and remilitarized Germany might have a fairly large margin because Germany has 


Re 

always been a militant nation and because the German people once they awaken 
from their present lethargy are likely to accept a low standard of living in 
exchange for a chance of achieving their national aspirations; a united Germany 
and the recovery of their territories lost in the last war. No other nation 
is likely to have an apprecisble margin between its consumption and civilian 
production in the next twenty-five years. And the organization of a sy stem 
of collective security upon which the world could rely for the enforcement 
of a peace settlement either against the United States or against Russia is 
therefoer impossible. It should be observed that if a peace settiement cannot 
be enforced it can be obtained over a long period of time oniy if both Russia 
and the United States consider it in their interest to keep the agreement in 
force. In these circumstances, one might as well give Russia and the United 
States the right legally to abrogate the agreement upon due notice and the 
insertion of such a clause into the agreement might serve the purpose of 
reminding the atatemmen that the task of preserving pesce is tantamount to 
maintaining peace in the world in which it is not the continued interest of 
the United States and Russia to maintain the agreement in operation. If this 
point of view is accepted, then clearly the task which we are facing is to 
devise an agreement which is so well adjusted to the vital needs of Russia and 
the United Ststes--vitel needs in which peace and prosperity are certainly a 
major pert for both countries, that Russia and the United States will maintain 
the egreement in force even if they have the right legally to abrogate it 
because the agreement continues to meet their requirements so that each year 
they would conclude it anew if perchance the agreement conteined a time limit 
and should therefore lapse. If this anelysis of the situation is correct, then 

can hardly 
it xXxi serve vital purposes saxbuwiisxupxsixenyikk for Russis andi the United 
States to build up strength in order to exhort from one enother an advantazous 
agreement, Since clearly the problem is not to obtain an agreement which these 


nations are willing to sign but rather an agreement which these nations are 


anxious to keep. These two problems are very different in nature and if it 


Se 
Should happen that the over-all negotiations take place when over-all opposition 
seems to be very strong, it would be exceedingly foolish to use this strneg th 
in order to vet Russia to sign an agreement which she will no longer went to 
keep later when our position may happen to be less strong. If these consider- 
ations are valid, then it is clearkx thet our foreign policy makes no sense at 
all and the only remaining question is whether it is at all possible to devise 


an agreement that will meet the stringent requirements defined above. 


